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PREFACE TO THE FIRST EDITION. 



Most practical chemists and manufacturers have long felt the want 
of Tiniformity in analytical methods, tahles of specific gravities, etc., 
employed hy buyers and sellers for the valuation of chemicals, and by 
manufacturers for controlling and superintending their various pro- 
cesses. "Want of uniformity in this respect is constantly leading to 
disagreements, and prevents exact comparison of results. 

In order to terminate the confusion, Mr. Stroof, manager of the 
Griesheim Alkali "Works, suggested to the German Society of Alkali 
Makers that they should have a standard manual published. This 
suggestion was adopted, a committee of seven, of owners and managers 
of high reputation, was appointed, and the first of the undersigned 
was induced to collect and sift the material for such a manual. 

The first condition imposed upon him was to state only one method 
for each analytical operation for the preparation of standard solutions 
and for sampling the materials. Only one method was to be chosen, 
in order that no discrepancies might arise, which woulA certainly 
happen if two or more methods had been introduced. 

In selecting the one standard method, the first and most important 
consideration was, that the method should permit a certain indispens- 
able degree of accuracy. No pains were spared to arrive at a satis- 
factory result in this respect. "Where there was a choice between 
several equally accurate methods, the one occupying least time and 
requiring least apparatus, or one already widely known and employed, 
was preferred. 

The author prepared a draft, which, together with various sugges- 
tions from others, was fully discussed at the several meetings of 
the committee. These meetings were held at intervals of six and 
twelve months respectively, in order to give the author and his 
assistants time to carry out experimental researches, to clear u^ ^^cc«a 
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doubtful points. Most of these experiments have been described in a 
report published partially in the Journal of tJie Society of Chemical 
Industry ^ 1882, pp. 12, 55, and 91. Public criticism was then invited, 
and several important contributions were thus obtained. Ultimately, 
after the complete manuscript had been circulated among the members 
of the committee, it was agreed to on all points. 

The methods described in this little work are thus acknowledged 
by the united voice of the German Alkali and Ammonia manufac- 
turers as the most suitable, and are not the arbitrary choice of the 
author. Many of the processes, the description of which frequently 
only occupies a few lines, are the result of many a month of arduous 
labour, and of subsequent anxious discussion by all concerned. 

The want of standard tables of specific gravities of various solutions, 
was felt quite as much as the want of standard analytical methods. 
For some substances such tables had never been constructed, and for 
very few substances indeed were the data provided to reduce the 
specific gravity of the solution to a normal temperature. The author 
and his colleagues have striven to remedy this defect by a careful 
examination of the existing tables, and by supplying new ones where 
required. 

In addition a number of general tables, useful to alkali manufac- 
turers, have been provided. Every care has been taken to ensure the 
accuracy of these tables, many of them, particularly those referring 
to atomic weights, percentage composition, and analytical factors, 
having been entirely recalculated. 

The German edition, the small compass of which but little betrays 
the labour expended upon it, was issued with the expectation that it 
would be accepted as a standard work by all German Alkali manufac- 
turers, by their customers, and by commercial analysts. This expec- 
tation has already been realized in a great measure. It has already 
become customary to make these analytical methods and specific 
gravity tables binding in all transactions between buyers and sellers, 
until the progress of science necessitates the substitution of more 
accurate methods and tables in f utui^e editions. 

From many sides the desire has been expressed that this little work 
should be made acoessiblo to the Euglisli public. For this purpose the 
co-operation of the 80cond of tlio undersigned was obtained. To him 
is due the extonslvo laljour of i*ocalculating all the tables for English 
weights and measurotf. In umklug those calculations every one of 
the tablei WMf m far am paiMlb!0| reoomtructed from the org'nal data 
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by graphic interpolation. Errors of computation were avoided as 
much as possible by the use of Thomas' Arithmometer and Fuller's 
Calculator ; and the hope is expressed that the tables, based on the 
English we^'ghts and measures, will be found equally reliable as those 
based on the metric system. Thejchapters on Deacon's process and 
on chimney-testing are also due to him, and in general he has adapted 
the work to suit the wants of English manufacturers. But in no 
essential particular does this edition deviate from the German, a few 
additions excepted. 



PREFACE TO THE SECOND EDITION* 



In this edition numerous small errors of the first edition, almost 
unavoidable in such a case, have been corrected, and many minor 
improvements have been made. Moreover, for reasons explained by 
one of us in the Journal of the Society of Chemical Industry (1890, p. 
1013), a considerable number of new methods for analysis have been 
introduced. 

The new tables for specific gravities of sulphuric, hydrochloric, and 
nitric acid, and of liquor ammonise, constructed with extreme care by 
one of us, with his assistants, have baen substituted for the tables of 
Kolb and Carius contained in the first edition. 

All suggestions for alterations which have reached us since the 
publication of the first edition have been carefully considered, and 
have been adopted wherever it was possible and consistent with our 
endeavour to maintain unchanged the general scope and character of 
the book. 

As the size of the page has been somewhat increased, the designa- 
tion *' handbook " has been substituted for " pocketbook" in the title. 

G. LUNGE. 

F. HUETEE. 
Zurich and Widnes, 

August, 1891. 



NOTE. 



All temperatures are indicated in degrees centigrade, unless the 
contrary is expressed. 

The atomic tceights are stated in table No. 1 in round numbers, and 
these are made use of in all calculations contained in this book. This 
has been done because the so-called correct atomic weights are not 
accex>ted equally by all chemists, and are sulject to alteration by new 
researches, whilst there is practically no disagreement concerning the 
rounded-off atomic weights of the more important elements, and these 
are, at any rate, sufficiently- near the truth for all technical purposes. 
An exception has been made for platinum, for which the figure adopted 
by all German potash manufacturers and analytical chemists has 
been retained. 

We have, however, abo added a t^ble giving the values of atomic 
weights assumed by Ostwald to be the nearest approximations to the 
truth. 
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oIFotMBlunialU. 



TABLE r.-ATOMIC WEIGHTS, Ere. (emaiaaed). 





Bvaibol and 
Vaiency. 


Alomio Wulglit.* 


Eqnivnlent 
i-aight. 




Til" 

Ta" IV VI 

Tl'iii 

Th" 

Sn'" 

Ti'" 

TJr" 

yv 

W 

yui 
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la Welsh's ara used throughout tlils boot. 



TABLE 1(a).- 


-ACCURATE ATOMIC WEIGHTS (Ostiva 


..D). 


ElamenU. 


= lB 


I! = I 


Elemcnta. 


= 10 


U-1 




2ri 

120-3 
75-0 
137-0 
9-10 
208-0 

11-01 
70fle3 

112-1 

133-9 
JO-0 
13-00 

iwa 

35-J5 

63-3 

500 

03-3 
l'13-6 
110-8 
160-0 

1900 

C9-8 

73-3 
197-2 

1-0033 
118-7 
12G-e6 
1032 

66-0 

13S-5 

206-91 

7'03 

2i-sa 

55-0 
200-4 


119-93 

lis? 

9-07 
207-3 

11175 

132 60 
89-87 
11-90 

13975 
35-31 
G213 
58-81 
63-10 

143-14 

140-37 

165-5 
18-04 
69 68 
73-08 

190-60 
1-00 

113-33 

13G-46S 

192-6 
55-83 

138-0 

206-8 
7-01 
21-30 
64-83 
199-8 
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59-0 

97-3 

14041 
193-0 

IG'O 
106O 

31-03 
1!)48 

39-14 
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85-4 
103'8 
150-0 

E 

107-938 
23-06 
87-5 
32-06 

129-0 

1B5-0 

aw-i 

333-4 
1710 
1181 

48-1 
239-1 

51-2 
184-0 
173-3 

SI 

90-7 




i±S"?;:;;::::::::::: 
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68-82 
96-9 
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Thorium 


r-a 




Tiu 






47-95 






















172-6S 






as-"::::;::::::: 















TABLE 2.— SYMBOLS, MOLECULAR AND EQUIVALENT 

COMPOUNDS, IMPORTANT 



No. 



1 
2 
8 
4 
5 

G 

7 

8 

9 

10 

11 

12 
18 

14 

15 
16 
17 

18 
19 
20 

21 
22 
28 
24 
25 
26 

27 
28 
29 
80 
81 
82 
83 
84 
85 
86 
87 



COMPOUNDS. 



Aluminium oxide 

hydrate 

chloride 

sulphate 

sulphate, cryst 

Ammonia 

alum 

Ammonium carbonate | 

chloride 

magnesium arsenate . . . 

magnesium phosphate, 'i 

cryst / 

nitrate 

phosphate 

sodium phosphate 

platinum chloride 

sulphate 

sulphocyanate 

Arsenic oxide 

Arsenious oxide 

trisulphide 

Barium monoxide 

hydrate 

hydrate, cryst 

carbonate 

chloride 

sulphate 

Calcium monoxide 

hydrate 

carbonate 

chloride 

chloride, cryst 

chlorate 

hypochlorite 

phosphate, monobasic , 

phosphate, dibasic 

phosphate, tribasic 

sulphate, anhydrous 



Molccalar Formala.* 



AljOfl 

AVHO)o 

AljCl« 

Al2(S04)3 

Al2(S04)3+18a(i 

NH3 

Al(NH4)(S04)3+12aq 

H(NH4)C03+(NH4)\ 
CO3NH3 f 
NH4CI 

Mg(NH4)As04+iaq . 

Mg(NH4)P04+6aq... 

NH4NO8 

(NH4)2HP04 

(NH4)NaHP04+4aq . 

(NH4)2PtCle 

(NH4)2S04 

NH4CNS 

As-Ps 

AsjOs 

AS.S3 

BaO 

Ba(H0)2 

Ba(HO)2+8aq 

BaC03 

BaCL+2aq 

BaS04 

CaO 

Ca(H0)2 

CaCOg 

CaClj 

CaCl2+6aq 

Ca(Cl03)2 

Ca(0Cl)2. 

CaH4(P04)2 

CaHP04 

Ca3(P04)2 

CaS04 



Molcr. 
weight. 



103 
157 
263 
343 
667 

17 

453*5 
157 
53-5 
190 

245 

80 
132 

209 

44648 
132 
76 

230 
198 
246 

153 
171 
315 
197 
244 
233 

56 

74 
100 
111 
219 
207 
143 
234 
136 
310 
136 



* Modern notation and atomic weights. 



WEIGHTS, ANP PERCENTAGE COMPOSITION OF CHEMICAL 
TO THE ALKALI INDUSTRY. 



No. 



1 
2 
8 
4 
5 

6 

7 

8 

9 

10 

11 

12 
13 
14 

15 
16 
17 

18 
19 
20 

21 
22 
23 
24 
25 
26 

27 
28 
29 
30 
81 
82 
83 
84 
85 
86 
87 



Equivalent Formula, t 



AI2O3 

AI2O33HO 

AI2CJ3 

AlA^SOa 

AI2O33SO3+I8HO ... 

NH3 

AI2O33SO3 + NH40S\ 
O3+24HO/ 

8NH3ICO2+2HO 

NH4CI 

2MgONH40As05 + ) 

HO 
2MgONH40P05+12) 

HOj 

NH^ONOs 

2NH4OHOPO5 

NH40NaOHOP05+) 

8H0i 

NH4ClPtClo 

NH4OSO3 

NH4C2KS2 

AsOs 

ASO3 

ASS3 

BaO 

BaOHO 

Ba09H0 

BaOCOa 

BaCl+2H0 

BaOS03 

CaO 

CaOHO 

CaOCOa 

CaCl 

CaCl+6H0 

CaOClOs 

CaOClO 

Ca02H0P0-, 

2CaOHOP05 

8CaOP05 

CaOSOg 



Eqnivlt. 
weight. 



51-5 

78-5 

134 

171-5 

333-5 

17 

453'5 

157 
53-5 
190 

245 

80 
132 
209 

223-09 
66 . 
76 

115 

99 

123 

76-5 
85-5 

157-5 
98-5 

122 

116-5 

28 

87 

50 

55-5 
109-5 
103-5 

71-5 
117 
136 
155 

68 



Percentage Composition. 



Al 53-40, O 46-60 

A1203 65-61, H2O 34-39 

Al 20-52, CI 79-48 

AI0O33OO3, SO3 69-97 

AI2O3 15-44, SO3 35-98, HjO 48-58 

N 82-35, H 17-67 

AI2O3 11-35, NH3 3-75, SO3 35-29, H^O 

[49-61 
NH3 82-49, CO2 56-05, HjO 11-46 
NH3 31-77, H CI 68-23 
MgO 21-05, AsjOs 60-53, NH3 8-95, HgO 

9-47 
MgO 16-30, NH3 6-93, P2O5 29-09, HgO 

47-68 
NH3 21-25, N2O5 67-50, H2O 11-25 
NH3 25-68, P2O5 53-93, HgO 20-39 
NH3 8-13, NaaO 14-88, PjOj 83-97, HgO 

430G 
NH3 7-62, Pt 44-19, CI 47-74, H2-45 
NH3 25-76, SO3 60-61, H2O 13-63 
NH4 22-37, H 1-31, CN 34-21, S 4211 

As 65-22, O 34-78 
As 75-76, O 2-1-24 
As 60-98, S 39-02 

Ba 89-54, O 10-46 
BaO 89-47, HgO 10-53 
BaO 48-60, H2O 51-40 
BaO 77-60, CO2 22-40 
Ba Clo 85-24. Ufi 14-76 
BaO 6o-67, SO3 34-33 

Ca 71-43, O 28-57 

CaO 75-67, HjO 24-33 

CaO 56-00, CO2 44-00 

Ca 3605, CI 63-95 

CaClg 50-69, HgO 49-31 

CaO 27-05, CI2O5 72-95 

CaO 39-16, CI 49-65, O 11-19 

CaO 23-93, P2O5 60-68, H,0 15-38 

CaO 41-18, P2O5 52-20, HgO 6-62 

CaO 54-19, P2O5 45-81 

CaO 41-18, SOa 58-82 



t Old notation and atoin\Q \^q\^V.«. 



6 
SYMBOLS, MOLECULAR AND EQUIVALENT WEIGHTS, AND PEE- 



No. 



88 
89 
40 
41 
42 

48 
44 
45 
46 

47 
48 
49 
50 
61 

62 
68 
64 

55 
66 
57 
58 
59 
60 
61 
62 

68 
64 
65 
66 
67 
68 

69 
70 
71 
72 
78 
74 
75 

76 

77 



COMPOUNDS. 



Calcium sulphate, cryst. (gypsum)... 

sulphite , 

thioeulphate 

sulphiae 

pentasulphide 

Carbonic acid, dioxide 

oxide 

Carburetted hydrogen : methane 

ethylene 

Copper chloride 

oxide 

sulphide 

Copper (cuprous) sulphide 

sulphate 

Hydrochloric acid 

Hypochlorous anhydride 

acid 

Iron, oxide, ferric 

ferric hydrate 

ferrous chloride 

cryst 

ferric chloride 

Iron, feiTous sulphide 

bisulphide (pyrites) 

protosulphate 

L3ad monoxide (litharge) 

carbonate 

chloride 

sulphate 

sulphide 

dioxide 

Magnesium oxide 

hydrate 

chloride 

cryst 

carbonate 

sulphate 

pyrophosphate 

Manganous oxide 

Manganous manganic oxide 



Molecular formnla. 



CaS04+2aq 

CaSO, 

CaSPa 

CaS 

CaSj 

CO. 

CO 

CH4 

C.H, 

CuCL 

CuO 

CuS 

CujS 

CuS045aq ... 

HCl 

CIjO 

HCIO 

Fe-A 

Fe3(OH)o ... 

FeClj 

FeCI^aq 

Fe,Cl« 

FeS 

FcSi 

FeS047aq ... 

PbO 

PbCOj 

PbCl, 

PbS04 

PbS 

PbOj 

M<?0 

Mg(HO), ... 

MgCL, 

MgCL + 6aq 

MgCOa 

MgS04+7aq 

MgjPA 

MnO 

Mn804 



Molcr. 
weight. 



172 
120 
152 
72 
200 

44 
28 
16 
^ 

134-5 

79-5 
95'5 

159 

249-5 

86-5 

87 

52-5 

160 
214 
127 
199 
8*25 
88 
120 
278 

223 

267 
278 
803 
239 
289 

40 

58 

95 
203 

84 
246 
222 

71 
229 



CENTAGE COMPOSITION OF CHEMICAL COMPOUNDS— Coii^tm««c?. 



No. 



88 
39 
40 
41 
42 

43 
44 
45 
46 

47 
48 
49 
50 
51 

52 
53 
54 

55 
56 
57 
58 
59 
60 
61 
62 

63 
64 
65 
66 
67 
63 

69 
70 
71 
72 
73 
74 
75 

76 
77 



Eqalvalent Formula. 



CaOS08+2HO. 

CaOSO, 

CaOSjO, 

CaS 

CaSs 

CO, 

CO 

C2H4 

C4H4 

CuCl 

CuO 

CuS 

CujS 

CUOSO55HO.... 

HCl 

CIO 

ClOHO 

FejOg 

FejOgSHO 

FeCl 

FeC14H0 

Fe,Cls 

FeS 

FeSj 

FeOS037HO .... 

PbO 

PbOCO, 

PbCl 

PbOSOa 

PbS 

PbO, 

MgO 

MgOHO 

MgCl 

MgCl+6H0.... 

MgOCOj 

MgOS08+7HO 
2MgOP05 

MnO 

MiisOi 



EqnivU. 
weight. 



86 
60 
76 
36 
100 

22 
14 
16 
28 

67-25 
39-75 
47-75 
79-5 
124-75 

36-5 
43-5 
52-5 

80 
107 

63-5 

99-5 
162-5 

44 

60 
139 

111-5 

133-5 

139 

151-5 

118-5 

119-5 

20 

29 

47-5 
101-5 

42 
123 
111 

85-5 
114-5 



Percentage Composition. 



CaO 32-56, SO, 46-51, H,0 20-93 

CaO 46-67, SO, 53-38 

CaO 36-84, SO, 42-11, 8 21-05 

Ca 55-56, S 44-44 

Ca 20-00, S 80-00 

C 27-27, 72-73 
C 42-85, O 57-15 
C 75-00, H 25-00 
C 85-72, H 14-28 

Cu 47-21, CI 52-79 

Cu 79-87, O 20-13 

Cu 66-49, 8 33-51 

Cu 79-87, 8 20-13 

CuO 81-86, SO3 8-2-06, H,0 3003 

CI 97-26, H 2-74 

CI 81-61, O 18-39 

CI 67-62, O 30-48, H 1-90 

Fe 70-0, O 30-0 

Fe,08 74-77, H,0 25-23 

Fe 44-09, CI 55-91 

Fed, 63-82, H,0 86-18 

Fe 34-46, CI 65-54 

Fe 68-64, 8 86-86 

Fe 46-67, 8 53-33 

Fe 20-14, O 5-76, SOj 28-78, HjO 45-32 

Pb 92-88, O 7-17 
PbO 83-52, CO, 16-48 
Pb 74-46, CI 25-54 
PbO 73-60, SOs 26-40 
Pb 86-61, 8 13-89 
Pb 86-61, 13-39 

Mg 60-00, 40-00 

MgO 68-96, H,0 31-04 

Mg 25-26, CI 74-74 

MgCl, 46-80, H,0 53-2 

MgO 47-62, CO, 52-38 

MgO 16-26, SOs 82-52, H,0 51-22 

MgO 36-04, P,05 63-96 

Mn 77-47, O 22-58 
Mn 72-05, O 27-95 



8 



SYMBOLS, MOLECULAE AND EQUIVALENT WEIGHTS, AND PEE- 



No. 



78 
79 
80 
81 
82 

83 
84 
85 
86 

87 

88 
89 
80 
91 

92 

93 
94 
95 
96 
97 
98 
99 
100 
101 

102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 

114 

115 

116 

117 



COMPOUNDS. 



Manganic oxide 

Manganese dioxide 

Manganous chloride 

sulphate 

Nitrosulphonic acid,nitrososulphuric \ 

acid, chamber crystals j 

Nitrous oxide 

Nitric oxide '. 

Nitrous anhydride 

Nitric peroxide, tetroxide 

Nitric acid 



Phosphoric anhydride 
acid, ortho 
acid, pyro 
acid, meta 



Platinum chloride 



Potassium oxide 

hydrate 

bichromata 

carbonate 

bicarbonate 

chlorate 

chloride 

f erricyanide, red prussiate 
f errocyanide, yellow prus- 

[siate 
iodide 



nitrate 

permanganate 

phosphate 

platinum chloride 

silicate 

sulphate 

bisulphate 

sulphide 

sulphite 

bisulphite 

sulphocyanato 



Potash, alum 

Salenious anhydride .. 
Silicic acid, anhydride 
Silver chloride 



Molecular formula. 



MujOs 

MnOa 

MnCL, 

MnS04 

SOjCOHXONO) 

NjO 

NO 

NA 

NOJNAl 

HNO3 

PA 

H3P04 

H4PA 

HP03 

PtCl4 

KjO 

KOH 

KjCrA 

KjCOs 

KHCbg 

KCIO3 

KCl 

K6Fe2(NC),« 

K4Fe(NC)63aq 

KJ 

KNO3 

KMn04 

K«HP04 

KcPtCle 

KjSiOs 

K2SO4 

KHSO4 

KoS 

K2S082aq 

KHSO3 

KCNS 

KAl(S04y2-iq 

S3O2 

SiO.,... 

AgCl 



Molcr. 
weight. 



158 

87 

126 

151 

127 

44 
30 
76 
46 
63 

142 

98 
178 

80 

339-18 

94 

56 
295 
138 
100 
122-5 

74-5 
658 
422 

166 
101 
158 
174 
488-18 
154 
174 
136 
110 
194 
120 
97 

474-5 

111 

60 

143-5 



CENTAGE COMPOSITION OF CHEMICAL COMPOUNDS— Cow^wtto^. 



No. 



Equivalent Formula. 



78 
79 
80 
81 

82 

83 
84 
85 
86 
87 

88 
89 
90 
91 

92 

93 
94 
95 
96 
97 
98 
99 
100 
101 

102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 

114 

115 

116 

117 



MngOg 

MnOa 

MnCl 

MnOSOs 

2SO3HONO3 

NO 

NO2 

NO3 

NO4 

NO5HO 

PO5 

PO58HO 

PO52HO 

PO5HO 

PtCla 

KO 

KOHO 

K02Cr03 

KOCO2 

KOHOCO2 

KOCIO5 

KCl 

SKCyFe^Cy., 

2KCyFeC33HO 

KJ 

KONO5 

KOMngOy 

2KOHOPO5 

KClPtCla 

KOSiOj 

KOSO3 

KOHO2SO3 

KS 

KOSO22HO 

KOHO2SO0 

KC2NS2 ....". 

/KOS03+Al2038S03\ 
\ +24HO.../ 

S3O2 

Si02 

AgCl 



Eqnivlt. 
weight. 



79 
43-5 
G3 
75-5 

127 

22 
30 
38 
46 
63 

71 

98 
89 
80 

169-59 

47 

56 
147-5 

69 
100 
122-5 

74-5 
329 
211 

166 
101 
158 
174 
244-09 

77 

87 
136 

55 

97 
120 

97 

474-5 
55-5 
30-0 

143-5 



Percentage Composition. 



Mn 69-62, O 30-38 
Mn 63-22, O 3678 
Mn 43-65, CI 56-35 
MnO 4702, SO3 52-98 

SO3 62-99, N2O3 29-92, HgO 7-09 

N 63-64, O 36-36' 
N 46-67, O 53-33 
N 36-84, O 63-16 
N 30-44, O 69-56 
N2O5 85-71, H2O 14-29 

P 43-66, O 56-34 
P2O5 72-45, H2O 27-55 
P^^Os 79-77, H2O 20-23 
P2O5 88-75, H2O 11-25 

Pt 58-13, CI 41-7 

K 82-98, O 17-02 

K2O 83-93, H2O 16-07 

K2O 31-86, CrOg 63-14 

K2O 68-12, CO231-88 

K2O 47-00, CO2 44-00, HoO 9-00 

K2O 38-37, CI 28-98, O 32-65 

K 52-35, CI 47-65 

K 35-56, Fe 17-02, CN 47-42 

K 37-03, Fe 13-25, CN 86-93, Hfi 12-79 

K 23-49, J 76-51 
K2O 46-54, N2O5 53-46 
K2O 29-75, Mn207 70-25 
K2O 54-02, P2O5 40-81, H2O 5-17 
Pt 40-39, CI 43-63, K 15-98 (KCl 30-52) 
K2O 61-04, SiOj 38-96 
K2O 54-02, SO3 45-98 
K2O 34-56, SO3 58-83, Kfi 6-62 
K 70-91, S 29-09 

K2O 48-45, SO2 33-00, H2O 18-55 
KgO 39-17, SO2 53-33, H^O 7-50 
K 40-21, C 12-37, N 14-43, S 32-99 
K2O 9-91, AI2O3 10-84, SO3 33-73, HgO 

45-52 
Se 71-17, O 28-83 

Si 46-67, O 53-33 

Ag 75-26, CI 24-74 



SYMBOLS, MOLECULAB AND EQUIVALENT WEIGHTS, AKD PEB- 



Silver nitrate 

aolphidc. 

Sodium oxide 

hydrate 

cliloride 

alumiaabe 

carbonnte, anhydrous 

carbonate, monoljjdrated ... 
caTbomkta,decab7drated erst. 

bicarbonate 

chlorate 

hypochlorite 

phosphate 

eilicnte. 

sulphate 

bisnlpbato 

Eulphite 

bisulphite 

thiosnlphate, hyposulphite... 

sulphide 

pentasnlpbide 

hydrogen sulphide 

Sulphurous anhydride 

Sulphuric anhydride 

Sulphuric acid, monohydmta 

pyro 

Thiosulpbnric acid, bypoaulphurous 

Tritliionicacid 

Tetrathionio acid 

Fentatbionic acid 

Sulphuretted hydrogen 

Stannous cblorido 

"Water 

Zinc oxide 

chloride 

sulphate 

crj-Bt 

Bulphide 



AgNOa 

Ag.8 

Nn^ 

NaHO 

NaCl 

Na„AI,0» 

NalB,0,10aq... 

NajCOi 

No^COjaq 

No.CO,10aii .. 

NakCOa 

NaCIO, 

NaOCl 

NaNO, 

No.HPOiiaaq 

NfliSiOg 

Na;^. 

NajSOilOB<i .. 

NeSSO, 

Na^0s6aq .. 

NaHSOs 

NajSjOjBaq ... 

NajS 

NajSt 

NaSH 

80, 

SO, 

H^O, 

ILSA 

h:s,o, 

H.SA 

H^A 

ILSjO, 

H^ 

SnCl,2aq 

HsO 

ZnO 

ZnCl. 

ZnSd, 

ZuSOiToq 
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CENTAGE COMPOSITION OF CHEMICAL COMPOUNDS- Con^mMo?. 



No. 



118 
119 

120 
121 
122 
123 
124 
125 
126 
127 
123 
129 
180 
181 
132 
133 
134 
135 
136 
137 
138 
139 

140 
141 
142 

148 
144 
145 
146 
147 

148 
149 
150 
151 

152 

153 

154 
155 
156 
157 
158 



Bqnivalent Formala. 



AgONOs 

AgS 

NaO 

NaOHO 

NaCl 

SNaOAljOg 

NaO2BO3+10HO 

NaOCO, 

NaOCOj+HO 

NaOCOj+lOHO 

NaOH02C02 

NaOClOj 

NaOClO 

NaONOs 

2NaOHOP05 + 24HO 

NaOSiOj 

NaOSOg 

NaOSOa+lOHO 

NaOH02S08 

NaOSOj+6HO 

NaOH02S04 

Na0Si0j+5H0 

NaS 

NaSs 

NaSHS 

SOj 

SOs 

HOSO3 

HO2SO3 

HOSA 

HOS3O5 

HOS4O5 

HOSA 

HS 

SnCl+2H0 

HO 

ZnO 

ZnCl 

ZnOSOg 

ZnOS02+7nO 

ZnS 



Eqnivlt. 
weight. 



170 
124 

31 

40 

58-5 
144-5 
191-0 

53 

62 
143 

84 
106-5 

74-5 

85 
358 

61 

71 
161 
120 
117 
104 
1-24 

89 

103 

56 

82 
40 
49 
89 
57 

97 
113 
120 

17 

112-5 

9 

40-5 
68 
80-5 
143-5 
48-5 



rercentage Oomposition. 



Ag 63-53, NO3 36-47 
Ag 87-09, S 12-91 

Na 74-19, O 25-81 
Na,0 77-50, H^O 22-50 
Na 89-32, CI 60-68 
NajO 64-36, Al A 35-64 
NajO 16-23, B A 86-65, HjO 47-12 
NajO 58-49, CO, 41-51 
NajO 5000, COj 35-48, HjO 14-52 
NajO 21-68, COj 15-39, HjO 62-93 
NajO 36-90. CO, 52-38, H,0 10-71 
NajO 29-10; CI2O5 70-90 
NajO 41-61, CljO 58-89 
NaaO 86-47, N A 63-53 
NajO 17-32, PA 19*84, H,0 62-84 
Na,0 50-82, SO2 49-18 
NajO 43-66, SO3 56-34 
Na,0 19-25, SO3 24-84, HjO 55-91 
NajO 25-83, SO3 66-67, H^O 7-50 
NajO 26-50, SOj 27-35, HjO 46-15 
NajO 29-81, SOj 61-54, H,0 8-65 
Na,0 25-00, S 12-90, SOj 25-80, H,0 

36-30 
Na 58-97, S 41-03, corresponding to 
NajfS 37-86, S4 6-2-14 [79-49 Na^O 

NaaS 69-65, HjS 30-85 

S 50-00, O 50-00 
S 40-00, O 6000 
SO3 81-63, HjjO 18-37 
HaSO* 5506, SOs 44-94 

502 5614, S 28-07, H^O 15-79 

503 41-24, SO, 32-99, S 16-49, H^O 9-23 
SO3 35-39, SO, 28-32, S 28-32, IlgO 7-97 
SO3 81-01, SO, 24-81, S 37-20, H,0 6-93 
S 94-12, H 5-88 

Sa 52-44, CI 31-56, H,0 16-00 

H 11-11, O 88-89 

Zn 80-25, O 19-75 

Zn 47-79, CI 52-21 

ZnO 50-31, SOa 49-69 

ZnO 28-22, SOg 27-87, H2O 43-91 

Zn 67-01, S 32-99 
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TABLE 3.-FACTORS FOR CALCULATING 



Substance Weighed. 

AmmoniiixxL 

AmmoDiam Chloride, NH4CI 

Ammonium platinum chloride, S 
(NEihVtCk I 

Arsenic. r 

Arsenic trisulphide, Af2?3 •< 

Ammonium magnesium arsenate, J 
Mg(NH4)As04 + iaq | 

BaxiiixxL 

Barium sulphate, BaS04 

Barium carbonate, BaCUs 

Barium silico fluoride, BaSiFg 

Calcinm. 

Calcium sulphate, CaS04 

Calcium carbonate, CaCOa 

Carbon. 

Carbonic anhydride, CO 

Calcium carbonate, CaCOs 

Barium carbonate, BaCO^ 

Cblorine. 

Silver cliloride, AgCl 

Copper. 

Copper oxide, CuO 

Cuprous sulphide, Cu2 S < 

Iron. 

Ferric oxide, re203 < 

Lead. 

Lead monoxide, PbO 

Lead sulphate, PbS04 j 

Lead su'phide, PbS ] 

Lead, Pb 



Substance to be determined. 



1 



Ammonia, NH3 

Ammonium oxide (NH4)20.. 

Ammonia, NIJ3 

Nitrogen, N 

Arsenic, As 

Arsenic trioxide, AF2O3 

Arsenic Anhydride, Af2<^s .. 

Arsenic, As 

Arsenic trioxide, AS2O3 

Arsenic anhydride, AF2O5 .. 

(BaO 

Barium oxide, < PaO 

CBaO 

Calcium oxide, 5 q^q 

Carbon, C 

Carbonic anhydride, \ qq^ 

Chlorine, CI 

Hydrochloric acid, HCl 

Chloric anhydride, CI2O5 ... 
Sodium chloride, NaCl 

Copper, Cu 

Copper, Cu 

Cupric oxide, CuO 

Iron, Fe 

Ferrous oxide, FeO 

Lead, Pb 

Lead, Pb 

Lead oxide, PbO 

Lead,Pb 

Lead oxide, PbO 

Lead oxide, PbO 



GRAVIMETRIO ANALYSES. 
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1 


2 


3 


4 


6 


6 


7 


8 


9 


0-31776 
0-11654 
0-07620 
006276 


0-63552 
0-23308 
015^40 
012552 


0-95328 
0-34962 
0-22800 
0-18828 


1-27101 
0-46616 
0-30480 
0-25104 


1-58880 
0-58270 
0-38100 
0-31380 


1-90656 
0-69924 
0-45720 
0-37656 


2-22432 
0-81578 
0-53340 
0-43932 


2-54208 
0-93232 
0-60960 
050208 


2-85984 
1-04886 
9-68580 
0-56484 


0-60975 
0-80488 
0-93496 
0-39473 
0-52105 
0-60526 


1-21950 
1-60976 
1-86992 
0-78946 
1-04210 
1-21052 


1-82925 
2-41464 
2-80488 
1-18419 
1-56315 
1-81578 


2-43900 
3-21552 
3-73984 
1-57892 
208420 
2-42104 


2-04875 
4-02440 
4-67480 
1-97365 
2-60525 
3-02630 


3-65850 
4-82928 
5-6U976 
2-36838 
312630 
3-63156 


3-26825 
5-63416 
6-54472 
2-76311 
3-64735 
4-23682 


4-87800 
6-43904 
7*47968 
3-15784 
4-16840 
4-84208 


5-48775 
7-24392 
8-41464 
3-55257 
4-68945 
5-44734 


0-65665 
0-77655 
0-54839 


1-31330 
1-55310 
1-09678 


1-96995 
232965 
1-64517 


2-62660 
310620 
219356 


3-28325 
3-88275 
2-74195 


3-93990 
4-65930 
3-29034 


4-59655 
5-43585 
3-83873 


5-25320 
6-21240 
4-38712 


5-90985 
6-98895 
4-93551 


0-41176 
0-56000 


0-82352 
1-12000 


1-23523 
1-68000 


1-64704 
2-24000 


2-05880 
2-80000 


2-47056 
3-36000 


.2-88232 
3-92000 


3-29408 
4-48000 


3-70584 
504000 


0-27273 
0-44000 
0-22335 


0-54546 
0-88000 
0-44670 


0-81819 
1-32000 
0-67005 


1-09092 
1-76000 
0-89340 


1-36365 
2-20000 
1-11675 


1-63638 
2-64000 
1-34010 


1-90911 
3-08000 
1-56345 


218184 
3-52000 
1-78680 


2-45457 
3-96000 
201015 


0-24739 
0-25435 
0-52613 
0-40767 


0-49478 
0-50870 
1-05226 
0-81534 


0-74217 
0-76305 
1-57839 
1-22301 


0-93956 
1-01740 
2-10452 
1-63068 


1-23695 
1-27175 
2-63065 
203835 


1-48434 
1-52610 
3-] 5678 
2-44602 


1-73173 
1-78045 
3-08291 
2-85369 


1-97912 
203480 
4-20904 
3-26136 


2-22651 
2-28915 
4-73517 
3-66903 


0-79874 
0-79874 
100000 


1-59748 
1-59748 
2-00000 


2396-22 
2-39622 
3-00000 


3-19496 
3-19496 
400000 


3-99370 
3-99370 
5-00000 


4-79244 
4-79244 
600000 


559138 
5-59118 
7-00000 


6-38992 
6-38992 
800000 


7*18866 
7*18866 
900000 


0-70000 
090000 


1-40000 
1-80000 


2-10000 
2-70000 


2-80000 
3-60000 


3-50000 
4-50000 


4-20000 
5-40000 


4-90000 
6-30000 


5-60000 
7-20000 


6-30000 
810000 


0-92825 
0-68317 
073597 
0-86611 
0-93305 
107730 


1-85650 

1-36634 

1-47194 

1-73222 

1-86610. 

2-15460 


2-7&475 
204951 
2-20791 
2-59833 
2-79915 
3-23190 


3-71300 
273268 
294388 
3-46444 
3-73220 
4-30920 


4-64125 
3-41585 
3-67985 
4-33055 
4-66525 
5-38650 


5-56950 
409902 
4-41582 
519666 
5-59830 
6-46380 


6-49775 
4-78219 
5-15179 
606277 
653135 
7-54110 


7*42600 
5-46536 
5-88776 
6-92888 
7-46440 
8-61840 


8-35425 
6-14853 
662373 
7-79499 
8-39745 
9-69570 



TABLE 4.-SOL0BIUTY OF DIFFERENT SALTS. 



iro Walcr DIudU 



potash 

Aluminium sulphate 

Ammoniuin oxalate 

nitrate 

sulphate 

Barium chloride 

hydrate 

nitrate 

Boric add 

Bromine 

Calcium carbonate 

chloride 

hydrate 

nitrate 

Eulphate 

Copper acetate 

nitrate 

sulphate 

Iron protosulphate 

Lead acetate 

chloride 

nitrate 

sulphate 

Magnesium oxide 

carbonate 

chloride 

Manganoua chloride 

Oxalic acid 

Potassium hydrate 

chromate (nMutral) . 

■bichromate 

oxalate (acid) 

«ulphit8 

thidsulphate 

Wtartrabe 

tartrate (neutral) .... 

cyanide 

feiTOCyanide 

ferricyanide 

Sodium acetate 

hydrate 

thioaulpbate 



17 



SOLUBILITY OF DIFFERENT SALTS-coniinued. 



100 Water Dissolve. 



Sodium phosphate 

sulphite 

Strontium hydrate 

nitrate 

chloride 

Tartaric acid 

Tin (stannous) chloride 

Zinc chloride 

sulphate 



Cold. 



Boiling. 





.*» 


12 


• • • 


25 


100 


1-6 


34-8 


20 


113 


53 


102 


76 


200 


270 


• • « 


300 


• • • 


50 


95 



TABLE 5.-S0LUBILITY OF CERTAIN SALTS AT 
DIFFERENT TEMPERATURES. 



Axnmonlnm Carbonate. 

100 parts water dissolve (Berzelius) 

at 
18' 25 parts 
17 30 
82 37 
41 40 
49 50 

Ammoniom Chloride. 
100 parts water dissolve at 

15* 85'68 parts NH4CI (Gerlach) 
19 86-8 (Schiff) 

100 100 

Calcium Chloride. 

1 part anhydrous CaClj dissolves 
(Kremers) at 

10*2^ in 1*58 parts water 
20 1-35 

40 0-83 

60 0-72 

1 part CaClj, 6aq., dissolves at 

10° in 0*5 parts water 
16 0-25 
1(X) every proportion 



Magnesium Sulphate (Epsom Salts). 

100 parts water dissolve (Gay- 
Lussac and Tobler) at 

0' 24-7 MgS04 as cryst. salt 

10 30-5 

20 35-0 

25 371 

30 39-8 

40 47-0 

50 49-7 

55 52-8 

60 55-9 

70 60-4 

80 65-1 

90 70*3 
105-5 132-50 (Griffiths) 

Potassium Carbonate. 

(1) Anhydrous (Osann). 
1 part dissolves at 

3° in 1-05 parts water 

6 0-962 
12-6 0-900 
26 0-747 
70 0-490 
15 0-.922 (Gerlach). 
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SOLUBILITY OF CEETAIN SALTS AT DIFFEEENT 



(2) Crystallized (Poggiale). 

100 parts water dissolves at 

(f 8312K2C08=181-15K2C08,2aq. 

10 88-72 142-50 

20 94-06 153-70 

80 10009 166-85 

40 106-20 180 07 

50 11-2-90 196-60 

60 119-24 212-85 

70 127-10 232-84 

80 134-25 252-57 

90 143-18 278-72 

100 158-66 811-85 

135 205-11 526-10 

Potassiiim Bicarbonate. 

100 parts water dissolve (Poggiale) at 

0° 19-61 parts KHCOg 
10 23-23 
20 26-91 
80 80-57 
40 84-15 
50 37-92 
60 41-35 
70 45-24 

FotasBiom Chlorate. 

100 parts water dissolve at 

0' 3-83 parts KClOs (Gay-Lus- 
13-32 5-60 sac) 

15-37 6-03 

24-43 8-44 

8502 1205 

49-08 18-96 

74-89 35-40 

104-78 60-24 

17 6-68 (V. Meyer) 

18 6-82 
98 55-50 

Potassiain CUoride. 

100 pai-ts water dissolve at 

0" 29-21 KCl (Gay-Lussac) 
11-8 34-6 (Kopp) 

13-8 34-9 
15-6 85 

19 84-53 (Gay-Lussac) 
52 43-59 
79 50-93 
109-6 59-26 



Potassiimi Nitrate. 

100 parts water dissolve at 

0* 13-32 parts KNOj (Gay-Lns- 
5-01 16-72 sac) 

11-67 22-23 
17-91 29-31 
24-94 88-40 
35-13 54-82 
45-10 74-66 
54-72 9705 
65-45 125-42 
79-72 169-27 
97-66 236-45 
114-5 284-61 



PotaBBlnm Sulphate. 
100 parts water dissolve at 

12-5" 10 K2SO4 (Brandes and Fim- 

15 10-88 haber) 

81-25 14 

87-5 17 

50 25 

56-25 22 

68-75 21-95 

87-5 25 
100 26 
101-7 21-21 



Sodium Carbonate. 

100 parts water dissolve at 

fflioewel^ 
(f 6 97Na2CO821-33Na2CO8l0aq. 
10 12-06 40-94 

15 16-20 63-20 

20 21-71 92-82 

25 28-50 149-13 

30 87-24 273-64 

82 59 (Mulder) 

84—79 46-2 
80 45-9 
85 45-7 
90 45-6 
95 45-4 
100 45-1 

Boiling point of the saturated 
solution 106** 
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BOiiUSlLITY OP CEBTAIN SALTS AT DITFEEENT 
TEMPEEATURES-con/»nM€c?. 



Sodium Bicarbonate. 

100 parts water dissolve at 

0^ 6-90 NaHCOa (Dibbits) 
10 8-15 
20 9-60 
30 11- 10 
40 12-70 
50 14-45 
60 16-40 

Sodinm Chloride. 

100 parts water dissolve at 

- 15* 32-73 NaCl (Poggiale) 

-10 33-49 

- 5 34-22 
35-52 

+5 35-63 

9 35-74 

14 35-87 

25 36-13 

40 36-64 

50 36-98 

60 37-25 

70 37-88 

80 88-22 

90 38-87 

100 39-61 

109-7 40-35 

Soditun Chlorate. 
100 parts water dissolve at 

C* 81-9 NaClOa (Kremers) 

20 99 

40 123-5 

60 147-1 

80 175-6 
100 232-6 
120 333-3 

Sodium Nitrate. 

100 parts water dissolve at 

- 0' 68-80 NaNOa (Poggiale) 
+0 79-75 

10 84-30 
16 87-63 



20- 89-55 

30 95-37 

40 102-31 

50 111-13 

60 119-94 

70 129-63 

80 140-72 

90 153-63 

100 168-20 

120 225-30 

The saturated solution boils at 122* 



100 

0* 
11-67 
13-30 
17-91 
25-05 
28-76 
30-75 
31-84 
32-73 
33-88 
40-15 
4504 
50-40 
59-79 
70-61 
84-42 
103-17 



Sodium Sulphate. • 

parts water dissolve (Gay- 

Lussac) at 
5-02Na2SO4l2-17Na2SO4,10aq 



10-12 
11-74 
16-73 
28-11 
87-35 
43-05 
47-37 
50-65 
50-04 
48-78 
47-81 
46-82 
45-42 
44-35 
42-96 
42-65 



26-38 

31-33 

48-28 

99-48 

161-53 

215-77 

270-22 

322-12 

312-11 

291-44 

276-91 

262-35 



Sodium Thiosulphate (hsrposulphite). 

100 parts water dissolve (Mulder) at 
0* 47-6 NaoS^Oa as cryst. salt 
16 65 
20 69 
25 75 
30 82 
35 89 
40 98 
45 109 
47 114 
60 192 (Kremers) 
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TABLE 7.-S0LUBILITY OF AMWONIA IN WATER BY WEIGHT, 

(Solubility by Volume in Table 6.) Ig, Water Dissolves at 760 mm. 

I)ressiire (Ros303 and Dittmar). 



At 


gNH, 


At 


gNir. 


At 


gNll, 


At 


gNU, 


0" 


0-875 


16" 


0-582 


30" 


0-403 


44" 


0-275 


2 


0-833 


18 


0-554 


82 


0-382 


46 


0-259 


4 


0-792 


20 


0-526 


34 


0-362 


48 


0-244 


6 


0-751 


22 


0-499 


86 


0-343 


50 


0-229 


8 


0-713 


24 


0-474 


88 


0-3-24 


52 


0214 


10 


0-679 


26 


0-449 


40 


0-307 


54 


0-200 


12 


0-645 


28 


0-426 


42 


0-290 


56 


0-185 


14 


0-613 















TABLE a-SOLUBILITY OF CHLORINE IN WATER. 

(SchOnfeld.) 

1 VoL Water absorbs Vols. Chlorine, calculated at 10* and 760 mm. pressure. 



At 


Vol. Chlor. 


At 


! 

Vol. Oblor. 


At 


Vol. Chlor. 


At 


Vol. Chlor. 


10" 


2-5852 


18' 


2-2405 


26" 


1-9099 


34" 


1-5934 


11 


2-5413 


19 


2-1984 


27 


1-8695 


35 


1-5555 


12 


2-4977 


20 


2-1565 ': 


28 


1-8295 


36 


1-5166 


13 


2-4543 


21 


2-1148 i 


29 


1-7895 


37 


1-4785 


14 


2-4111 


22 


2-0734 


80 


1-7499 


38 


1-4406 


15 


2-8681 


23 


2-0322 


31 


1-7104 


39 


1-4029 


16 


2-3253 


24 


1-9912 


32 


1-6712 


40 


1-3655 


17 


2-2828 


25 


1-9504 


83 


1-6322 







TABLE 9.— SOLUBILITY OF HYDROGEN CHLORIDE IN 

WATER. 

1. By Weight (Iloscoe and Dittmar). Ig. Water absorbs at 760mm. 

pi-essure. 



At 


gHCl 


At 


gHCl 


At 


gnoi 


' At 


gUCl 


0" 


0-825 


16" 


0-742 


3-2" 


0-665 


48" 


0-603 


4 


0-804 


20 


0-721 


33 


0-649 


52 


0-589 


8 


0-783 


24 


0-700 


40 


0-633 


56 


0-575 


12 


0-762 


28 


0-682 


44 


0-618 


60 


0-561 
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SOLUBILITY OF HYDEOGEN CHLOEIDE IN WATER^continued. 
2, By Volume (Deicke).^lcom. Water absorbs at a pi'essure of 760min. 



At 


ocm. HOI 


Spec. Grav. of the Acid 
Formed. 


Percentage of HCl in 
same. 


0« 


525-2 


1-2257 


45-148 


4 


497-7 


1-2265 


44-361 


8 


' 480-3 


1-2185 


43-828 


12 


471-3 


1-2148 


43-277 


14 


462-4 


1-2074 


42-829 


18 


451-2 


1-2064 


42-344 


18-25 


450-7 


1-2056 


42-283 


23 


435-0 


1-2014 


41-536 



TABLE 10.-SPECIFIC GRAVITIES OF DIFFERENT SOLIDS. 



Alderwood 

Alumina^ anhydrous 

Alum, ammonia 

potash 

Alumina sulphate, cryst.. 

Aluminium 

Alumstone 

Ammonium nitrate 

sulphate 

chloride 

Anhydrous gypsum 

Anthracite 

Antimony 

Arsenious acid 

Arsenic acid 

Asphalt 

Ashwood 

Barium chloride, cryst. . . . 

carbonate 

sulphate (spar)... 

hydrate, cryst, ... 

Bauxite 

Basalt 

Beechwood, dry 

Birchwood, dry 

Bismuth 

Borate of magnesia (bora- 
cite) 

Borax, crystallis id 

Boric acid, crystallised . . . 

fused 

** ooal, lignite 



0-5-0-6 

4-15 

1-626 

1-724 

1-596 

2-76 

2-8 

1-707 

1-77 

1-528 

2-96 

1-4-1-7 

6-7 

3-884 

4-250 

1-1-1-2 

0-7-0-8 

2-664 

4-56 

4-73 

1-66 

2-8-3-2 
0-7-0-8 
0-7-0-8 
9-85 

2-9 

1-692 

1-479 

1-830 

1-2-1-4 



Brickwork 

Bricks, ordinary ... 

Brass 

Calamine 

Chalk 

Calcium chloride, cryst.. . . 

chloride, anhydrous 

silicate 

carbonate 

phosphate 

sulphate, anhydrous 

Calcspar 

Cannel coal 

Cement 

China clay, kaolin 

Charcoal, organic 

wood 

Coke, porous., 

Coal, porous 

Copper, metallic, cast 

hammered 

pyrites 

oxide 

sulphate 

Cuprous sulphide 

Clay 

Cryolite 

Elmwood 

Fat, animal 

Felspar 

Fibres, vegetable 

Firwood,dry 



1-5-1-7 

1-4-2-2 

8-4-8-7 

4-1-4-5 

1-8-2-7 

1-612 

2-240 

2-9 

2-7 

3-18 

2-927 

2-72 

116-1-27 

2-7-3-05 

2-21 

1-57 

0-3-0-5 

0-4 

1-16-1-03 

8-726 

8-94 

4-1-4-3 

6-43 

2-27 

5-97 

1-8-2-6 

2-96 

0-67 

0-92 

2-5-2-6 

1-51 

0-6 
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SPECIFIC GRAVITIES OF DIFFERENT SOLlDS-continued. 



Firebricks 

Flint 

Glass, green 

plate 

crystal, Bohem. 

flint, Engl 

Glauber's salt, cryst, . 

anhydrous 

Granite 

Gypsum, plaster-of-paris 

cast, dry 

Heavy spar 

Iodine 

Iron, wrought 

grey, cast 



whitCj cast 
peroxide 



hydrated oxide 
magnetic oxide 

carbonate 

sulphate, cryst. 
pyrites, white 
pyrites 

Larchwood 

Lignite 

Lime, burnt, quick . . . 

Limewood 

Litharge 

Lead, cast 



red ....... 

chromate 



acetate, crj'st 

carbonate 

nitrate 

sulphide 

sulphate 

chloride 

Magnesia, calcined 

carbonate 

Magnesite 

Magnesium sulj)h., cryst. 
chloride, cryst. 

Manganese peroxide 

native 

Marble 

Nickel 

Oakwood, dry 

Phosphorus, yellow 

red 

Pinewood, white 



1-85 

2-7 

2-642 

2-450 

2-9-3-0 

3-4-3-44 

1-52 

2-63 

2-5-2'9 

2-322 

•97 
4-3-4-48 
4-948 
7-4-7-9 
6-6-7-3 
7-1-7-9 
5-22 
3-94 
5-4 
3-87 
1-904 
4-65-4-88 
5-18 
0-44-0-5 
1-2-1-4 
3-08 
0-5 
9-36 
11-3 • 
8-62 
6-00 
2-395 
6-47 
4-40 
7-505 
6-169 
5-802 
3-2 
2-94 
2-9-3-1 
1-751 
1-558 
2-94 
4-7-5-0 
2-5-2-8 
8-9 

0-85-0-95 
1-826 
2-106 
0-55 



Pinewood, red 

Platinum 

Pockwood 

Poplar 

Porcelain 

Porphyry 

Potash 

Potassium carbonate 

chlorate 

chloride 

chromate 

nitrate 

sulphate 

bisulphate ... 

hydrate 

Quartz 

Resin 

Rock salt 

Sal-ammoniac 

Sandj dry 

damp 

Sandstone 

Silver 

Silver chloride 

Slate 

Sodium carbonate, anh. . . . 
carbonate cryst. . 

chloride 

nitrate 

sulphate 

sulphide 

thiosulphate 

hydrate 

Steel 

Steel, cast 

hardened 

Sulphur, native 

sticks, fresh 

sticks, old 

soft, amorphous 

Sulphuric anhydride 

Tin, cast 

hammered 

Willowwood 

Witherite 

Zinc, cast 

rolled 

blende 

oxide 

sulphate 



0-5 
21-1 

1-263 

0-38 

21-2-5 

2-8 

2-3 

2-264 

2-35 

1-945 

2-603 

2-058 

2-66 

2-277 

2-044 

2-7 

1-07 

2-1-2-2 

1-528 

1-4-1-6 

1-9-2-0 

1-9-2-5 
10-6 

5-501 

2-7 

2-509 

1-454 

2-078 

2-226 

2-63 

2-471 

1-736 

2-130 

7-80 

7-92 

7-66 

2-069 

1-98 

2-05 

1-96 

1-97 

7-21-7-4 

7-475 

0-5-0-58 

4-30 

6-8 

7-2 

3-9-4-2 

5-73 

2-036 



TABLE II.— WEIGHT OF SUBSTANCES AS STORED. 



BDBSTAHCE. 



Cement 

Clay, damp 

dry 

Limestone and other Building Stones 

Mort&r (lime and wnd; 

Quicklime. 

^nd, dry 

Wood, Beech Logs 

FipLogs ' 

Otik Logs 

Baw Matebui-e, bic, fob Ai^u-i Wobks. 
Pyrites, broken pieces 

Nitre.. 

Kitrecoke (acid Sulphate of Soda) 

Salt 

Saltcake 

Limeatona (sinaU pieces) 

Block Ash (lumps) 

Alkali Waste (wet) 

Soda Salts (Na,CO,+HjO) (drained) 

Soda Ash (unground) 

Soda Crystals 

Bicarbonate (ground) 

Qnioklime (sniall lumps) 

Sieved Lime (for Bleaching Powder) 

Bleaebing Powdaf 

Manganese, Native. 

Limestone Dust 

Coke((or fillingtowere) 

Flints „ ,. 

Cinders (ashes) 





Rut 


per 




















1200 


75 


■0835 


1650 


103. 


■0458 


1570 


98 


■0JS7 


2000 


125 




1800 


112 


•0500 


1000 


r.2-5 


<e79 




83 


■0870 


1770 


110 


■0491 


400 


24-5 


•0107 


830 


•20-5 


•0091 


420 


26 


•0116 


ffiOO 


156 


•0696 


2340 


14G-5 


■0^ 


K.20 


95-0 


■0124 


1810 


81-5 


■0861 


18% 


83 




689 


43 


■0192 


1180 


78-5 


■0328 


1400 


87-5 


■0391 




60 


0268 


1268 


79 


•0^2 














1010 




■0281 


986 


61-5 


■0-274 








497-598 


81-87 


■0161 


721-884 


45-52 


■0216 


2210 


138 


■0616 


IKO 


96-5 


■04S1 


417-^^4 


2G-83 


•0131 


IGOO 


lOO 


■0446 
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TABLE 12.-SPECIFIC GRAVITY OF DIFFERENT LIQUIDS. 



Speciflo 
Gravity. 



Alcohol 

Acetic acid 

Bisulphide of carbon 

Benzene 

Coal tar 

Ether 

Glycerine 

Linseed Oil 

Mercury 



0-7939 
1-064 
1-272 
0-85 
1-15 
0-723 
1-200 
0-9347 
13-596 



At 
Temp. 



12-5 
17 

• • • 

15-5 

15 

12-5 

15 

15 





Nitrogen peroxide 
(liquid) 

Olive oil 

Petroleum 

Kapeseed oil 

Sulphurous anliy- 
dride (liquid) 

Sea water 

Spirits of turpentine 



Specific 
Gravity. 



1-45 
0-9J7 
0-78-0-81 
0-9136 

1-45 

1-02-104 

0-865 



At 
Temp. 



15 
15 
15 

-20 
15 
15 



TABLE 13.-SPECIFIC GRAVITY AND PERCENTAGE OF 

SATURATED SOLUTIONS. 

The percentage refers to anhydrous sc It, 



Ammonium chloride 
sulphate 

Barium chloride 

Calcium chloride ... 

Magnesium suli>hate 

Potassium chloride 

carbonate 

nitrate ... 

sulphate 

Sodium chloride 

carbonate ... 

nitrate 

sulphate 





Por- 




Tem* 


centaf?e 


Specific 


peratni e. 


of Salt. 


Gravity. 


15 


26-30 


1-0776 


19 


50-00 


1-2890 


15 


25-97 


1-2827 


15 


40-66 


1-4110 


15 


25-25 


1-2880 


15 


24-90 


11723 


15 


52-02 


1-5708 


15 


21-07 


1-1441 


15 


9-92 


1-0831 


15 


26-395 


1-2043 


15 


14-85 


1-1535 


195 


46-25 


1-3804 


15-0 


11-95 


1-1117 





Degrrees 
Twaddell. 



15-5 
57-8 
56-5 
82-2 
57-6 
34-4 
114 
28-8 
16-6 
40-8 
30-7 
76 
22-3 
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TABLE 14.-SPECIFI0 GRAVITY OF GASES AND VAPOURS. 

North Latitude, 52° 30', 130 feet above sea level. 



Gas. 



Ammonia 

Atmospheric air ... 

Bromine 

Chlorine 

Carbonic oxide 

Carbonic anhydride 

Ethylene 

Hydrogen 

Hydrogen chloride 
Iodine 

Methane 

Mercury 

Nitrogen 

Nitrous oxide 

Nitric oxide 

Nitrous anhydride 
Nitric peroxide 

i» >j 

Oxygen 

Sulphuretted "I 
hydrogen j 

Sulphurous \ 

anhydride j 

Sulphur 

Water 





Mole- 


Speciac 




cular 


gravity. 




weight. 


Air=l. 


NHg 


17 


0-58890 


• • • 


* • . 


1-00000 


Bra 


160 


5-52271 


Clg 


71 


2-44921 


CO 


28 


096709 


C03 


44 


1-51968 


C2H4 


28 


0-96744 


II, 


2 


0-06923 


HCl 


36-5 


1-25922 


I2 


254 


8-756 


CH4 


16 


0-55297 


Hg 


200 




N, 


28 


0-97010 


N,0 


44 


1-52269 


NO 


30 


' 1-03767 


NA 


76 


2-630 


NO2 


46 


1-592 


NA 


92 


3-184 


O2 


32 


1-10521 


H2S 


34 


1-17697 


SO2 


64 


2-21295 


s, 


64 


2-2155 


PI20 


18 


0-62182 



Grams per 

litre at 
760mm. & 



Grains per 

cnb. foot. 

29 03" & 33° F, 



0-76199 

1-293909 

7-14588 

3-16906 

1-25133 

1-96633 
1-25178 
0-08958 
1-62932 
11-328 

0-71549 

8-9582 

1-25523 

1-97023 

1-34261 

3-40412 
2-06039 
4-12078 
1-43003 

1-52290 

2 86336 

2-86663 
0-80158 



33-2-96 

565-16 

3122-1 

1384-73 

546-78 

859-21 

546-98 

39-1439 

711-94 

4949-90 

312-64 
3914-39 
548-47 
860-90 
586-66 

1487-46 
900-31 

1800-63 
624-85 

665-44 

1251-19 

1252-59 
351-57 



Lbs. per ♦ 
cub. foot 
29-92" & 
32' F. 



•04757 

•08074 

•4460 

•1978 

•07811 

•12274 

-07814 
•0055919 
•1017 
•7071 

•04466 

•5592 

•07835 

•1229 

•08381 

•2125 

•1286 
•2572 
•08926 

•09506 

•1787 

•1789 
•05022 



* For calculations with large quantities of ga^, it is sufficiently accurate to assume that 
10,000 cubic feet weigh as many cwt. as the molecular weight of the gas divided by 4 indi- 
cates. For example, 10.000 cubic feot of sulphuretted hydrogen weigh ^-=8*6 cwt. 
(Exactly, it would be 8-488 cwt.) 
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TABLE 15.-LINEAR EXPANSION OF DIFFERENT 

SUBSTANCES. 

By variation of temperature from 0** to 100'* C. (32°-212' P.) 



Brass 

Charcoal from oak 

fir 

Copper 

Glass, flint 

white 

green 

Gold 

Iron, wrought 

cast 

Lead 

Marble of Carrara 
St. Beat 

Platinum 

Silver 

Solder, hard 

Steel, hardened . . . 

not hardened 

Tin 

"Water 

Zinc 



0-001868 

0-001200 

0-00100 

0-001718 

0-000817 

0-000861 

0-000786 

0-001466 

0-001235 

0-001110 

0-002848 

0-000849 

0-000418 

0-000884 

0-001908 

0-002058 

0-001240 

0-001079 

0-001938 

0-015538 

0-002942 



1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 



535 

833 

1000 

582 

1219 

1161 

1305 

682 

812 

901 

351 

1178 

2392 

1132 

524 

486 

807 

927 

516 

71-4 

340 
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TABLE 17.— CONVERSION OF OELSIUS INTO FAHRENHEIT 
DEGREES ABOVE 100 AND VICE VERSA. 

Divide the degrees above 100 into hundreds and a remainder. The figure 
corresponding to the hundreds is taken from the following tables and added 
to that corresponding to the remainder as taken from Table 17. If, on 
converting Fahrenheit into Celsius, the "remainder" amounts to 82**, or 
below this, the degrees Celsius corresponding to it are negative (below freez- 
ing point), and hence must be deducted from the figures of the following 
table. Also take notice, for example, that 300* P. is not = 166*7' C, but = 
166-7 - 17-8, or = 111-1 + 87'7 = 148-9* C. 



A. 



Gels. 


Pahr. 


C^ls. 


Falir. 


Gels. 


Fahr. 


Gels. 


Fahr. 


100 


180 


600 


1080 


1100 


1980 


1600 


2880 


200 


360 


700 


1260 


1200 


2160 


1700 


8060 


300 


540 


800 


1440 


1300 


2340 


1800 


3240 


400 


720 


900 


1620 


1400 


2520 


1900 


3420 


500 


900 


1000 


1800 


1500 


2700 


2000 


3600 



B. 



Fahr. 


CeU. 


Fabr. 


Gels. 


Fahr. 


Gels. 


Fahr. 


Gels. 


100 


55-6 


1000 


556-6 


1900 


1055-6 


2800 


1555-6 


200 


1111 


1100 


611-1 


2000 


1111-1 


2900 


161ia 


300 


166-7 


1200 


666-7 


2100 


1166-7 


3000 


1666-7 


400 


222-2 


1300 


722-2 


2200 


1-222-2 


3100 


1722-2 


500 


277-8 


1400 


777-8 


2300 


1277-8 


3200 


1777-8 


600 


333-3 


1500 


833-3 


2400 


1333-3 


3300 


1833-3 


700 


388-9 


1600 


888-9 


2500 


1388-9 


3400 


1888-9 


800 


444-4 


1700 


944-4 


2600 


1444-4 


3500 


1944-4 


900 


500 


1800 


1000 


2700 


1500 
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TABLE 18.-FUSINQ POINTS. 



Aluminium 

Antimony 

Asphalt 

Bismuth 

Boric Acid 

Brass 

Bromine 

Bronze 

Cadmium 

Cobalt 

Colophonium 

Copper 

Cupric chloride 

Cuprous chloride 

Fat, oxen 

sheep 

^ pig 

Fluorspar 

Glass 

Glass containing lead 
Gold 

Iron, cast, white 

prey 

wrought... 
Iodine 

Lead 

oxide 

chloride 

Magnesium 

Mercury 

Mercuric chloride . . . 

Naphthalene i . . . 

Kickel 

Palm oil 

Paraffin 

Pitch (coal tar) 

Phosphorus 



0. 



P. 



700» 


1292' 


482 


809 


100 


212 


260 


500 


186 


867 


800 


1652 


-22 


-7-6 


900 


1652 


816 


600 


1500 


2782 


185 


275 


1100 


2012 


498 


928 


484 


818 


40 


104 


42 


107-6 


27 


80-6 


902 


1655 


1200 


2192 


1000 


1882 


1075 


1967 


1075 


1967 


1275 


2827 


1550 


2822 


113 


285-4 


826 


618 


954 


1749 


498 


928 


500 


982 


-89 


-88-2 


298 


560 


79 


174-2 


1500 


2782 


29 


84-2 


45-60 


118-140 


150-200 


800-400 


44 


111-2 



FUSIXG TOTSTS-comtimmeiL 



C. 



r. 



Platinum ^ 

Potassium chlorate 

iodide 

carbonate 

nitrate 

Stearic acid 

Steel 

Silver, metallic 

chloride 

nitrate 

Strontium chloride 

Selenium 

Sodium chloride 

sulphate 

nitrate 

chlorate 

carbonate 

Spermaceti 

Thallium 

Tin 

Wax, bee's G2-70 

Zinc ' 412 



ItiO 


8^7 


a30 


G78 


631 


1173 


831 


1533 


329 


624 


70 


158 


1375 


' ^07 


iH» 


1760 


451 


8I3'8 


217 


422 


S2o 


1517 


217 


422 


772 


1421 


861 


! 1581 


316 


600 


302 


bio 


814 


1497 


45-50 


113-122 


•290 


654 


290 


446 



143-158 



TABLE 19.-BOIUNQ POINTS. 



Alcohol, absolute 

Ammonia, anhydrous 

nitrate, satur. solution 



C. 



Barium chloride, satur. solution 
Bisulphide of carbon , 



Bmnune. 



GUeiiim Ghkride, satur. solution 

66 per cent, solution. 
88 per oeni. solution. 



78- 
-3S-5 
101 

101-4 
47-0 

80-4 
630 

179*5 

150 

128 



F. 



172-4" 
-37-3 
827 

220 
116-6 
177 
145-4 

a551 
312-8 
262-4 



sa 



BOILING :P0JNT8.— Continued, 



Calcium nitrate^ satur. solution 
Carbon dioxide 



Ether 



Hydrochloric acid, 20*2 per cent. HCl 

Iodine above 



Methylio alcohol 
Mercury 



Naphthalene 

Nitric acid, most concentrated . 
specific gravity 1*42. 

Nitrous anhydride 

oxide 

Nitrogen peroxide 



Potassium chloride, satur. solution . 
chlorate, satur. solution . 
acetate, satur. solution .... 
carbonate, satur. solution, 
nitrate, satur. solution .... 



Sodium chloride satur. solution 
acetate 



carbonate 






phosphate „ 
nitrate „ 

Sulphur 

Sulphuric acid, H2SO4 

anhydride a 

/3 

Sulphurous anhydride 

Turpentine, spirits of.. 






C. 



160 



P. 



152 


805-6 


-78 


-108 


B5 


95 


110 


230 


200 


892 


60 


140 


857 


674-6 


217 


422-6 


86 


186-8 


.121 


249-8 


-2 


28-4 


-88 


-126 


28 


82-4 


110 


230 


105 


221 


169-4 


836-9 


185 


275 


118 


244-4 


108-4 


227-1 


124-4 


255-9 


106 


222-8 


106-6 


223-8 


122 


251-6 


448 


838 


826 


618-8 


15 


59 


50 


122 


-10 


14 



820 



SI 



TABLE 20.-REDUCTION OF THE VOLUME OF 

L Table for rednciog tlie voImiieB 



CP 


r 


r 


r 


4* 


^ 


6» 


•■o 
4 


8° 


9P 


lOP 


OP 


1 


0-9961 OiX» 0^969! 


0i»6 


0*9621 


01J78 


Oi>75 


Oi)72 


0*968 


0*965 


1 


2 


1-993, 1*985 1-978J 


i-9n 

3*957 


1-964, 


1-957' 


1-960 


1*943. 


1-986 


1*929 


2 


S 


2-98» 2i>78l 2^67! 


2^16 


2-9361 


2*925 


2-915 


3^04 


2-894 




4 


3*965; 3-971; 3*9661 


3*942 


3*938 


3*914] 
4-80S 


3-900< 


3-886 


3-872 


S-859 




5 


4-982J 4-964- 4*946 


4^38 


4-910 


4*876 


4-868 


4-841 


4*834 




6 


5-9781 5D56 5-9851 
6*9741 6-9191 6*924, 


5*913 


5*893 
6*874 

7-856 


5-8n 


5*8501 


5*830 


5-800 


5788 




7 


6-89S1 


6-850 


6*835 


6*801 


6777 


6753 


19 


8 


7-9701 7-9421 7-913; 


7-8861 


7-8381 


7*8001 


7773 


7745 


7718 


8 


9 


8-96r 8*9341 8-902 


8*870 


8*838 


8*807 


8-775. 


8744, 


8-713 


8-682 9 


10 


9*9631 9-9271 9*891: 


9-856 


9*820 


9785 


9750 


9716 


9«l 


9^17 


10 


11 


10-96 10-92 ! 10*88 i 


10-84 


10*80 


10-76 


1073 


10^69 


1015 


10-61 


11 


12 


11-96 11-91 11-87 i 


11-83 


1178 


1174 


11-70 


11*66 


11-63 


11*57 


13 


13 


12« 12*91 


1*86 


13-81 


1376 


1373 


13*68 


13-63 


12-59 


12^ 


IS 


14 


13*95! 13-90 


13-85 


13-80 


13*75 


1370 


13-65 


13*60 


13*55 


13-50 


14 


15 


14*96 , 14*89 


14*84 


1478 


14-73 


14-68 


14*63 


1457 


1453 


14*47 


15 


16 


15-94:15-88 15-83 


15 77 


15-n 


15-66 


15^ 


lo so . 


15*49 


15-43 


16 


17 


16-94 16-87 


16*83 


1675 


1669 


1664 


1658 


1653 


16-46 


16-40 


17 


18 


17*93 17*87 


17*81 


1774 


17-67 


17-61 


17*55 


1749 


17*43 


17*36 


18 


10 


18-93 18*86 


18-79 


1873 


18-65 


18-59 


18*53 


18-46 


18-59 


18-33 


19 


20 


19-93 


19*85 


1478 


1971 


19-64 


19*57 


19-50 


19-45 


19*56 


19-39 


20 


21 


20-93 


20-84 


30*77 


20*69 


30-62 


20*55 


30-48 


20-40 


20-53 


20-26 


21 


23 


21-92 ; 21*84 


3176 


21-68 


21-60 


31*53 


21-45 


2137 


21*30 


21-23 


23 


23 


22-92 


23*83 


2375 


23-66 


23*58 


32*51 


23*43 


22*55 


23^36 


22-18 


23 


21 


23-93 


23-82 


2374 


23*65 


23-56 


33*48 


23*40 


3533 


23-23 


33-15 


24 


25 


24-91 24-81 


24-73 


»-64 


24-55 


34*46 


24*38 


3429 


24*30 


34-U 


85 


26 


25-91 25*81 


2572 


25^ 


25*53 


25-44 


25*35 


25*36 , 


2517 


35D8 


96 


27 


26*90 


26*80 


26-n 


26*61 


26-53 


3643 


36*33 


26-23 ' 


96-13 


as-M 


27 


28 


27-90 


27-79 


27-69 


27*59 


27-50 


37-40 


2730 


27*20 


2rio 


27D1 


98 


29 


28*90 


2878 


28-68 


28-58 


38-48 


38*38 


28*28 


38*17 


28*07 


2r97 


29 


30 


29*89 29*78 


29*67 


29-57 


29-46 


29*36 


29*25 


29*15 


29-04 


38-94 


30 


31 


30*8030^ 


30*66 


30-55 


30-44 


30-34 


30*23 


50-13 


501)1 


29-91 


31 


33 


31*88 31-76 


31*65 


31*54 


31*42 


31-32 


31*20 


51D9 


50-98 


50-^ 


33 


33 


33*88 3276 


32-64 


33-53 


32*40 


32-30 


33-18 


53-06 


51-94 


51-84 


83 


31 


33*88 33*75 


33-63 


33*51 


33*38 


33*37 


3315 


531)3 


52-91 


53-80 


34 


35 


34-87 , 3474 


34*63 


3450 


34 37 


34*25 


34*13 


34*01 


55-88 


53-77 


35 


36 


35-87 ■ 3574 


35*61 


35-48 


35-35 


35*23 


35*10 


34« 


34*85 


34-78 


36 


37 


36 87 ; 3673 


36-60 


36-47 


3633 


36*21 


36D8 


35-95 


55*83 


55 70 


37 


38 


87^ 3772 


37-59 


37*45 


37*32 


3719 


57*05 


36*93 


5679 


36-66 


38 


39 


38-86 i 38*71 


38*58 


38-44 


38-30 


38-16 


38-03 


57*89 


57*75 


57*63 


39 


40 


39*8513971 


39-56 


39-43 


39-28 


39-14 


39*00 


58*86 


58 73 


58-59 


40 


41 


4M>-85 


40*70 


40*55 


40-41 


40*26 


40*12 


39-98 


59*85 


59-69 


59-55 


41 


43 


41*85 


41*69 


41-54 


41*39 


41*24 


41*10 


40-96 


40*80 


40-66 


40*53 


43 


43 


42*84 


42-68 


42-53 


42-38 


42*22 


43n» 


41-93 


41*78 


41^ 


41-48 


43 


44 


43*84 


43-68 


43*53 


43*37 


43-20 


43-05 


43^ 


43*75 


43-59 


43*45 


44 


45 


44*84 


44-67 


4451 


44-35 


44*19 


44D3 


43*88 


45*73 


45-56 


45-41 


45 


46 


45*83 


45*66 


45*50 


4534 


45*17 


4501 


44*85 


44-69 


44*53 


44-58 


46 


^ 


46-83 


46-65 


46-48 


46-33 


46-15 


45-99 


45*83 


45^ 


45*50 


45*34 


47 


48 


47*83 


47*65 


47*48 


47-31 


47*13 


46^ 


46-80 


46-63 


46*47 


46*51 


48 


m 


48*82 


48-64 


48-47 


48-29 


4812 


47-95 


4778 


47-60 


47-44 ' 4r27 


49 


50 


49-82 


49-«4 


49-46 


49-28 


49-10 


48-93 


48*75 


48*58 


48-41 1 48-34 


50 



r . ^ 

GASES TO NORMAL TEMPERATURE AND PRESSURE. 


^ 


of gaa™ to a temporataro of 0° C. f 






3= 


3' 


4° 


6° 


0° 


r- 


8° 


9° 


10° 


V 


50-83 


50-03 


50-45 


50-38 


5008 


49-91 


49-73 


40-55 


49-88 


49-21 


61 


S3 


51-81 


51-62 


61-41 


51-25 


51-06 


60-89 


50-70 


50-52 


60-35 


50-17 


52 


63 


62m 


52-03 


62-43 


52-21 


5205 


51-87 


61-68 


51-49 


61-31 


51-18 


63 


54 


53-81 


53-61 


53-42 


53-22 


68-03 


52-84 


52-65 


52-46 


52-28 


63-10 


61 


65 


54-80 


5t-60 


61-41 


61-21 


51-01 


63-82 


58-63 


53-44 


63-26 


63-06 


55 


68 1 53'ao 


56-60 


BS-40 


65-19 


51-99 


54-80 


64-60 


54-41 


54-23 


64-03 


66 


67 


66'80 


56-69 


66-39 


66-18 


55-97 


55-78 


55-58 


65-38 


53-19 


64-90 


57 


58 


57-70 


57-58 


67-57 


57-16 


66-95 


66-76 


56-55 


6fl-35 


60-15 


66-96 


66 


69 


58-79 


53-57 


58-37 


58-15 


57-93 


67-74 


67-53 


57-33 


57-13 


66-92 


59 


60 


59-r8 


59-63 


69'S6 


59-13 


68-92 


58-71 


68 50 


63-30 


58-09 


57-88 


60 


61 


fiO-78 


60-66 


60-34 


6012 


69-90 




69-48 


59-27 


59-06 


58-85 


61 


62 


01-78 


61-56 


61-33 


01-10 


60-88 


60-67 


60-46 


60-21 


60-03 


59-81 


62 


63 


62-77 


62-54 


62-32 


6209 


01-86 


61-65 


61-.J3 


61-21 


60-99 


60-77 


63 


6i 


63-77 


63-63 


63-31 


63-07 


62-84 


62-G3 


62-40 


62-18 


61-96 


61-74 


61 


GS 


64-76 


64-53 


64-30 


6106 


63-83 


63'61 


63-38 


63-16 


62-93 


63-70 


65 


66 


05-76 


65-52 


65-29 


65-01 


61-81 


64-68 


64-36 


61-13 


63-89 


63-07 




e? 


66-75 


60-51 


66-27 


66-03 


06-79 


05-56 


65-33 


0610 


04-86 


04-63 


67 


08 


07-75 


67-50 


67-20 


67-03 


60-77 


66-54 


60-30 


66-07 


65-83 


66-00 


68 


1 ea 


68-75 


08-60 


68-25 


68-01 


67-75 


67-52 


67-2S 


67-04 


66-80 


60-50 


69 


ro 


69-74 


09-49 


09-21 


68-99 


68-74 


68-50 


63 25 


68-01 


67-77 


67-53 


70 


i n 


70-74 


70-48 


7(^-a3 


69-98 


69-73 


69-48 


60-33 


08-98 


08-74 


68-49 


71 


n 


71-74 


7l-« 


rrga 


70-flG 


70-70 


70-46 


70-20 


60-95 


69-71 


60'4C 


72 


1 73 


72-78 


73-47 


72-21 


71-95 


71-69 


71-44 


71-18 


70-03 


70-67 


70-42 


78 


74 


73-73 


73-46 


73-20 


72-03 


72-66 


72-41 


72-15 


71-90 


71-64 


71-89 


74 


75 


74-72 


74-« 


74-19 


73-93 


78-66 


78-89 


73-13 


73-87 


72-61 


73-S6 


75 


76 


75-72 


75-45 


75-18 


74-90 


71-63 


74-87 


74-10 


7S-84 


73-58 


78-33 




77 


76-73 


70-44 


76-17 


75-89 


75-61 


75-35 


75-08 


74-81 


74-65 


74-28 




78 


77-71 


77-43 


77-15 


76-87 


76-59 


76-33 


76-05 


75-78 


75-61 


76-25 




79 


78-71 


78-42 


78-14 


77-86 


77-53 


77-31 


77-03 


76-75 


76-4S 


76-21 


79 


1 60 


7B-70 


70-42 


70-13 


78-86 


78-66 


78-23 


78-00 


7773 


77-45 


77-18 


80 


' 61 


80-70 


80-41 


80-12 


79-83 


70-51 


79-26 


78-98 


78-70 


78-42 


78-14 


81 


83 8V69 


81-40 


81-11 


80-83 


80-52 


80-24 


70-95 


79-67 


70-39 


70-n 


83 


83 1 S2-C0 




82-10 


81-31 


81-61 


81-23 


80-93 


80-64 


80-36 


80-07 


83 


al ' S3-C!) 


e3-30 


83-00 


83-79 


82-49 


83-20 


61-90 


81-01 


81-82 


81-01 


84 


85 ,Sl-08 


81-38 


8408 


83-78 


83-47 


8S-17 


82-88 


82-58 


83-30 


82-00 


85 


86 85'(i8 


85-37 


85-07 


81-70 


81-45 


81-15 


S3-85 


R3-56 


83-26 


83-07 


80 


87 eO-GS 




86-06 


85-75 


85-43 


85-13 


84-83 


81-53 


81-33 


83-93 


87 


83 87-Or 


87-36 


8703 




86-43 


86-11 


85-80 


85-60 


85-20 


81-90 


83 


80 S8-67 


88-35 


8804 


87-72 


87-40 


87-09 


86-78 


86-47 


86-16 


85-80 


80 


90 , sa-GT 


89 34 


89-02 


88-70 


88-38 


83-07 


87-75 


87-44 


87-13 


86-82 


90 


91 


90-06 


90-34 


ooot 




89-36 


89-05 


83-73 


88-41 


88-10 


87-78 


01 


93 


01 -06 


91-33 


91-00 


00-07 


90-34 


90-03 


89-70 


89-33 


89-07 


83-76 


92 


«a 


DS'66 


92'32 


91-99 


91-60 


91-33 


oroi 


90-08 


00-86 


90-03 


89-73 


03 


04 


03-65 


03-31 


02-08 


92-61 


92-31 


01-08 


91-05 


91-33 


91-00 


90-08 


94 


95 


94-G6 


9t-31 


93-97 


03-63 


93-29 


9306 


92B3 


93-30 


01-97 


01-05 


96 


9Q 


95-65 


DB-30 


9196 


94-61 


01-27 


03-04 


03-60 


93-27 


93-94 


92-ei 


90 


07 


96-01 


DO-39 


95-05 


05-60 


95-25 


04-03 


94-58 


94-24 


93-91 


93-67 


97 


' S8 


97-64 


07-28 


90-93 


96-53 


90-21 


96-90 


95-56 


95-21 


M-87 


91-64 


98 


1 ^ 


98-64 


08-27 


97-93 


97-57 


97-22 


96-87 


96-53 


96-18 


95-84 


96-60 


99 


10. 


09-63 


09-27 


08-01 


98-56 


98-20 


07-85 


97-50 


97-16 


06-81 


96-47 


,li« 


L J 



^^^m REDUCTION OP THE VOLtJME Off OASES Tl 


^^^M Tabic for redocmg the Tolames of gut 




ir 

0961 


13° 


13° 


11° 


15° 
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67-61 


67-79 


67-97 


68-lfi 


08-31 


08-53 


08-71 


68-89 


70 


' 71 


68-20 


68-39 


08-58 


08-76 


68-94 


0913 


09-32 


09-61 


69-60 


69-88 


71 


73 


69-16 


69-35 


69-54 


69-73 


69-93 


70-11 


70-30 


70-40 


70-68 


70-86 


73 


73 


70-12 


7031 


70-51 


70-69 


70-88 


71-08 


71-27 


71-47 


71-66 


71-85 


73 


7i 


71-08 


71-28 


71-18 


71-66 


71-8B 


72'OS 


72-25 


72-lS 


72-61 


7a-83 


n 


7& 


72-01 


73-24 


72-44 


73-63 


72-82 


7302 


73-23 


73-43 


73-63 


73-83 


76 


76 


73-00 


73-30 


73-40 


73-60 


73-80 


74-00 


74-30 


74-40 


74-60 


74-80 


70 


77 


7390 


74-17 


74-37 


74-67 


74-77 


7497 


75-18 


76-39 


75-59 


75-70 


77 


78 


7493 


75-13 


76-33 


76-63 


76-74 


7595 


78-16 


76-37 


76-57 


76-77 


78 


79 


75-88 


76-09 


76-30 


76-50 


76-71 


76-03 


7713 


77-34 


77-55 


77-75 


79 


SO 


76-84 


77-05 


77-27 


77-47 


77-68 


77-90 


78-10 


78-33 


78-53 


78-74 


80 


81 


77-80 


78-02 


78-23 


78-41 


7805 


78-87 


79-08 


79-30 


79-51 


79-73 


81 


82 


78-76 


78-93 


7930 


79-41 


79-63 


70-81 


8000 


80-38 


80-50 


80-71 


82 


83 


79-72 


79-01 


80-10 


80-33 


80-60 


80-83 


81-04 


81-20 


81-48 


81-69 


83 


84 


80'6R 


80-90 


81-12 


81-34 


81-58 


81-79 


83-01 


83-2^ 


83-46 


83-68 


84 


86 


81-64 


81-87 


83-10 


82-31 


83-53 




82-09 


83-23 


83-44 


83-66 


85 


86 


83-60 


83-83 


83 00 




83-50 


83-73 


8397 


84-30 


&1-43 


84-61 


88 


1 w 


83-60 


83-79 


84-02 


8125 


81-48 


81-71 


84-91 


85-17 


83-40 


86-03 


87 


68 


84-52 


81-76 


83-00 


85-23 


85-45 


85-68 


85-te 


86-15 


86-38 


80-61 




as 


85-48 


86-72 


85-93 


80-19 


86-43 


86-66 


80-89 


8713 


87-36 


87-50 


89 


90 


80-4S 


80-68 


8693 


87-10 




87-08 


87-87 


88-11 


88-34 


sa-58 


90 


91 


87-41 


87-63 


87-80 






88-61 




89-09 


89-33 


89-50 


91 


93 


88-87 


88-01 


33-86 


8S>09 


89-33 


89-5S 


89-83 


0007 


90-31 


90-55 


93 


B3 


80-33 


89-57 


89-83 


9000 


90-30 


90-53 


00-80 


01-05 


01-39 


91-53 


93 


91 


90-29 


00-51 


90-79 


91-03 


91-37 


91-53 


Bl-78 


02-03 


Oa'27 


93-51 


94 


05 


91-26 


91-50 


91-76 


92 00 


93 25 


93-50 


9-3-75 


03-00 


93-35 


93-60 


95 


ea 


99-21 


92-46 


92-73 


92 97 


93-23 


03-47 


93-73 


93-93 


91-23 


91-43 


98 


97 


9ai7 


03-43 


03-68 


93 -BS 


94-19 


94-46 


94-71 


91-90 


05-23 


95-47 


97 


98 


94-13 


91-39 


94-05 


91-90 


9516 


95-43 


95-68 


06-91 


90 30 


00-45 


03 


99 


05-09 


95-35 


96-61 


95-87 


96-13 


06-30 


06-06 


oa-92 


97-18 


97-43 


99 


100 


06-05 


96-33 


96-58 


96 81 


97-U 


97-37 


97-03 


97-89 


98-16 


98-43 


100 
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rcD 


jm_ 


752 


734 


7M 7SS 


rc2 


761 


;cc 


rC8 


770 






0«I7 


0-089 


OflO-i 


0W5' 0«I7 


li»3 


1-OIB 


1-006 


1-011 


1013 






i-ar* 


1-979 


1-994 


1-989 1-995 


2-OKi 


3 011 




2-U31 


2-026 






2-BOO 


a-9CS 


2-976 


2-934' 2-993 


SOOT 


S-016 


soil 


3032 


S039 






8-917 


3-958 


3-968 


3 979. 3 990 


1-010 


4021 


4033 


iitlS 


4-0a3 






4-884 


4-917 


4-9G0 


4974; 4-987 


6013 


5036 


5010 


5033 


5066 






s-gsi 


6-937 


5-%S 


5-96»; 6-984 


6-016 


6033 


frWT 


6iffiS 


6079 






6-006 


6fl38 


&9H 


6-963 6^82 


7018 


7-037 


7-055 


7-07* 


7-092 






r'8M 


7-916 


7930 


7-858 7-979 


8-021 


8-IU3 


8-063 


6084 


8-1U6 






8'881 


s-9oe 


8929 


8-933; 8977 


9-023 


9018 


9071 


9;016 


9-119 




10 


0-87 


9-89 


992 


9-95 


9-97 


1003 


10C6 


1008 




10-13 




]1 


10-% 


10-88 


10-91 


10-91 


10-97 


11-03 


1106 


U-09 


11-12 


UU 




13 


11-M 


11-87 


u-oo 


1104 


11-97 


IS'M 


12-07 


laio 


1213 


laifl 




IS 


13'83 


12-sa 


12'8g 


12'93 


12'9S 


13 01 


13 07 


1310 


1811 


18-17 




u 


13-82 


13-83 


1388 


13-92 


lS-96 


1401 


1107 


14-11 


1415 


1117 


15 


U-81 


U-81 


14-87 


H-83 


11-96 


1501 


15-08 


1312 


15-16 


1S19 




IS 


15-79 


15-83 


15-87 


15-91 


15-05 


16'(6 


16-09 


1613 


16-17 


16-M. 




17 


10-78 


16'82 


1G'8G 


1681 


16-95 


17'M 


17-09 


1711 


17-18 


17-23 


la 


17-77 


17-81 


17-85 


17'00 


17-95 


18-05 


18-10 


18-15 


18-19 


18-23 




19 


1873 


18-80 


18-85 


18-90 


18'95 


19-05 


19-10 


1915 


19-20 


19-35 




so 


197J 


WTO 


19-84 


19-80 


1903 


2005 


20-11 


20-10 


20-21 


30-26 




21 


20-72 


ao-77 


20-83 


20-89 


20-91 


2105 


21'11 


21-17 


2132 


21-27 




22 


2171 


21-70 


21'82 


a 1-88 


21-94 


23-06 


22'13 


33-18 


23-23 


22-28 




23 


2270 


22-76 


32-81 


22-83 


22-91 


2300 


23-12 


2318 


23-21 


33 30 




2* 


23-611 


2374 


23-80 


23-87 


23-93 


2106 


24-13 


2419 


24'25 


34-81 




23 


21C7 


24-73 


21-80 


24-87 


Z4'93 


25-06 


35'13 


33-20 


33-26 


23-32 




2C ' 25CC 


25-72 


23'79 


35-86 


23'93 


2006 


2611 


30-21 


26-27 


2634 




27 


20-Cj 


20-71 


20-78 


2086 


26-93 


27-07 


27-15 


27-32 


27-28 


37-35 






27C3 


3770 


27-77 


37-85 


27-93 


2807 


33-15 


S8-3S 


£8-20 


28M 




£11 


29'G2 


28'09 




37'84 


28-92 


29-07 


3910 


29-24 


38-30 


29-87 


30 


2yiKJ 


2U-0S 


2976 


20-81 


20-92 


3007 


3010 


30-21 


30-33 


30-39 






ao-r,o 


31)07 


30-75 


30'84 


30-93 


81-08 


81-17 


31-25 


31'33 


81-41 




aa 


aiDH 


ai'flo 


31'74 


31^83 


31-02 


33'Oa 


3317 


32-26 


33-31 


32-« 




33 


32-ai 


33'OS 


32-73 


32-82 


33-91 


3308 


33-18 


3327 


33-35 


S3'4S 


, 81 


33'G5 


33'ftl 


33-78 


33-83 


SS-91 


3409 


34-18 


34-28 


31-36 


Sits 




t 8S 


34'G4 


U-G3 


34-72 


34'63 


34-Ul 


33 09 


3319 


35-33 


35-37 


35-46 




1 36 


3S-E2 


36-03 


36-71 


35-81 


35-91 


86-09 


3619 


36-39 


36-38 


36-47 




37 


30-5t 


Sd'Ol 


3fl^71 


30-81 


36-00 


3709 


37-20 


37-30 


37-39 


87-49 




' 8a 


3750 


3700 


37-70 


37-eo 


37-00 




38-30 


58-30 


38-40 


88 50 






3a'-IU 


33-60 


ss^og 


38-80 


3800 


3810 


39-31 


39 31 


39-41 


39-51 




■Ml 


au'ir 


3U'I>8 


30'C8 


3970 


39-90 


40-10 


10-21 


40-32 


40-12 


40 32 




■11 


-io-*i 


■JO- 56 


4007 


1070 


MKl 


41-11 


41'23 


4133 


41-43 


41 -SI 




■t:! 11 il 


41-35 


41 -OO 


4178 


41-89 


1311 


13'23 


43-34 


43'M 


43-55 






42-ol 


IS-GO 


43'78 


42-89 


4311 


13-23 


43-35 


43-45 


43-56 




■tl 1 .W .12 


■13-53 


43-05 


43-77 


43-89 


4112 


44^23 


44'35 




44'58 




'i:, 


H-IO 


41-52 


41'G1 


41'76 


41-88 


43-12 


43-34 


45-36 


45-47 


45-59 




'in 


ir,.'io 


45'51 


45-63 


43'76 


45 83 


4C13 


46-21 


40-36 


40-48 


40-80 




1 *" 


■was 


■lO-GO 


16-03 


46-70 


40-88 


17-12 


47-23 


47-88 


47'41( 


47-61 




1 48 


■irao 


■17-40 


47'63 


47-75 


47-87 


48-13 


43-33 


13'38 


48-51 


1803 




1 4U 


■18'35 


IS'^IS 


■1801 


la-ri 


48'B7 


4913 


49-26 


49^40 


49-53 


49-54 




50 


W34 


40-47 


4900 


49-74 


49-87 


60'13 


50-10 


50-40 


50-53 


60-06 
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700 


760 


753 


751 


73G 


753 


7G3 


7C4 


706 


708 


770 


-60 i 


51 


50-33 


30- 46 


50-60 


3074 


60-87 


51-11 


51-27 


51-41 


51-54 


51-67 


51 


63 


Bl-32 


61-15 


51-50 


51-73 


51-87 


53-14 


32-28 


52-42 


63-55 


62-68 


62 


G3 


52-30 


62-41 


53-58 


53-73 


63-87 


53-14 


53-33 


33-42 


53-56 


63-70 


33 


64 


53-29 


58-1! 


53-57 


53-72 


63-86 




54-23 


54-43 


51-57 


64-72 


64 


65 


61-aa 


51-42 


54-56 


54-71 


54-86 


55-15 


55-29 


55-41 


53-63 


55-73 


66 J 


56 


65'26 


55-11 


65-56 


55-71 


35-86 


56-15 


56-29 


66-15 


56-59 


56-74 


56 ■ 


67 


66-25 


56-40 


50-65 


56-70 


66-85 


57-15 


67-30 


67-45 


57-60 


57-76 


67 ■ 


5S 


67-21 


57-39 


57-51 


67-69 


57-85 


58-15 


63-30 


53-46 


68-61 


58-77 


68 ■ 


59 


53-23 


58-38 




53-69 


58-85 


5916 


5931 


39-47 


6962 


59-78 




eo 


59-21 


60-37 


50-53 


59-08 


50-81 


6016 


60-33 


00-47 


60-63 


60-79 


60 1 


I Gl 


60-30 


60-36 


60-53 


60-68 


60-81 


61-16 


61-32 


61-43 


61-R-l 


01-31 




63 


61-19 


61-35 


61-51 


61-67 


61-81 


63-16 


62-33 


63-49 


62-65 


63 82 




1 63 


63-17 


63-34 


63-50 


6207 


63-83 


63-17 


63-33 


63-50 


63 67 


63 8-1 




64 


63-16 


63-33 


63-19 


63-66 


63-83 


64-17 


04-31 


61-51 


61-63 






* 65 


61-15 


61-32 


61-49 


64-66 


61-83 


65-17 


65-34 


63-61 


65 -GU 


05-86 




66 


65-13 


65-31 


65-48 


05-65 


05-82 


66-17 


66-36 


66-52 


66-70 


66-88 




, ^7 


66-12 


0631) 


00-47 


6604 


06-83 


6718 


67-35 


67-53 


6771 


67-89 




' 68 


67-10 


67-29 


67-46 


67-61 




6818 


68-36 


68-54 


68-72 


68-00 




1 69 


6809 




68-45 


88-63 


68-83 


09-18 


69-36 


00-61 


69-73 


69-91 




70 


60-08 


60-30 


69-44 


69-63 


69-83 


7018 


70 37 


70-65 


70-71 


70-03 




71 


70-07 


70-25 


70-43 


70-63 


70-81 


71-19 


71-37 


71-56 


71-73 


71-91 




7a 


71-06 


71-24 


71-43 


71-62 


71-81 


73-19 


73-38 


73-57 


73-76 


72-m 


72 m 


73 


72-01 


72-33 


73-13 


72-61 


72-81 


73-19 


73-38 


73-57 


7377 


73-07 


73 m 


< 74 


73-03 


73-23 


73-41 


73-61 


78-80 


74-19 


74-89 


74-58 


71-78 


71-08 


71 


! ''s 


7401 


74-21 


74-10 


74-60 


74-80 


75-20 


76-30 


75-59 


75-79 


75-09 


75 




-5-00 


75-20 


75-10 


76-60 


75-80 


76-30 


70-40 


76-00 


76-80 


7701 


78 




-5-99 


70-10 


70-«9 


76-59 


76-79 


77-20 


77-40 


77-60 


77-81 


78-02 


77 




-6-07 


77-18 


77-38 


77-68 


7779 


78-20 


78-41 


78-61 


78-83 


79-08 


78 


79 


77-90 


78-17 


7337 


78-58 


78-79 


79-21 


79-41 


79-63 


79'33 


80-01 


79 


80 


-8-M 


79-16 


79-36 


79-58 


79-79 


80-31 


80-43 


80-63 


80-81 


81-lW 


80 


81 


79-93 


80-15 


80-35 


80-57 


80-79 


81-21 


81-43 


81-64 


81-85 


83-07 


81 


83 


80-03 


81-14 


81-35 


81-66 


81-78 


82-21 


82-13 


83-65 


82-87 


83-09 


83 


83 


81-91 


83-13 


83-31 


83-66 


83-78 




83-14 


83 66 


83-88 


81-10 


83 


8i 


82-90 


83-12 


83-31 


83-56 


83-73 


8t-23 


81-41 


81-60 


81-89 


85-11 


8t 


86! 83-88 


81-11 


81-33 


81-55 


81-78 


85-22 


85-45 


83-67 


85-90 


86-13 


85 


86 '81-87 


85-10 


85-33 


85-55 




80-22 


86-46 


86-67 


86-91 


87-U 


86 


87 


85-85 


86-08 


86-31 


80-51 


86-77 


87-33 


87-56 


87-08 


87-93 


88-15 


87 


1 88 


86-81 


8707 


87-30 


87-51 


87-77 


88-23 


88-17 


88-69 


88-93 


89-17 




1 69 


87-83 


88-06 


8839 


88-53 


88-77 


89-23 


89-17 


89-70 


89-91 


90-18 


89 


90 


88-81 


89-05 


89-29 


89-53 


89-77 


90-33 


90-48 


00-71 


90-95 


91-19 


00 


81 


8080 


00-01 


B02a 


90-52 


90-76 


01-24 


91-18 


91-72 


01-90 


92-21 


01 


92 


MTS 


91-O.J 


91-27 


91-51 


91-76 


93-24 


93-19 


9373 


92-97 


93-23 


93 


83 1 91-77 


02-02 


92-20 


92-61 


93-70 


03-31 


93-49 


93-71 


03-08 


91-23 


03 


81 92-76 


D3-01 


93-36 


93-50 


93-73 


9i-ai 


94-49 


91-71 




05-ai 


91 


85 U3-7'l 


91-00 


01-25 


91-30 


9J-7S 


95-25 


95-50 


93-75 


96-00 


96-20 


95 1 


96 , 91-73 


91-98 


95-21 


»-40 


95-75 


96-25 


96-51 


96-76 


97-01 


97-27 


9S 1 


97 957B 


95-97 


96 23 


9G-19 


96-75 


97-23 


97-51 


97-77 


98-03 


98-29 


97 1 


08 96-70 


06-96 


97-23 


97-48 


97-74 


98-35 


98-63 


93-77 


99-03 


99-30 


98 


90 W-69 


07-95 


98-21 


98-18 


98-71 


09-26 , 99-52 


90-78 


loo-oi 


100-31 


09 


100 06-68 


98-95 


90-21 


99-17 


99-74 


loo-ae 100-53 


100-70 


101-05 


101-33 


100 
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TABLE 21B.-FA0T0RS FOR REDUCING A 


GIVEN VOLUME 1 


OF GAS TO NORMAL TEMPERATURE AND PRESSURE. ■ 


0° Centigrade, nnd 760 milliinetres, or »!' Fahrenheit, and 29-92 jnchea | 


barometric pressure. 






CenlJgnule. 


Ofl 


1-1 


K-a 


.-, 


». 


., 


6-7 


,-■ 


,, 


Fahreulielt. 


33* 


„■ 


3ff 


3a- 


40' 


«■ 


«■ 


ur 


48- 


2r5 


G08-5 


■9191 


■9164 


■9116 


-0079 


■0043 


■9007 


-8972 


em 


-8399 


27-6 


7010 


-9234 


■91S8 


■0149 


■0112 


-0070 


■B<I39 


-0005 


■8000 


-SOS 


277 


70se 


■9258 


-9221 


-9183 


■9145 


■oioa 


-9072 


■1)037 


-9001 




27-8 


706-1 


-9291 


-9254 


■9215 


-0179 


-9143 


0105 


■9070 


■0034 


^ 


279 


708-0 


'933S 


■9288 


■9349 


■0212 


■0174 


■8138 


■0102 


■0067 


' 28'0 


711-2 


■9358 


■9321 


-9232 


■»m 


■9208 


■9170 


■9133 


■9099 


■9061 


28'i 


7137 


-9391 


-9354 


■931B 


■9278 


-9H41 


■0203 


■0167 


-0131 


■90 


28-2 


716-3 


■9425 


-9387 


-9343 


-0310 


-0273 


-9236 


■0200 


■01B4 


-01 


£8-3 


718-8 


■0458 


-0-121 


■0382 


■0344 


■9306 ; -9209 


;9233 


■9107 


■015 


28-1 


7ai-3 


■9491 


-9454 


■9415 


-9377 


■9339 


-0301 




■9239 


■OIW 


SB'S 


723-0 


-C635 


■M67 


■IM48 


■D410 


-9373 


■9334 


■92B8 


-9202 


ym 


2B-e 


720-i 


■95B8 


■9520 


■9481 


-0443 


-9405 


-9367 


■9331 


■9294 




28-7 


728-9 


-9593 


'9554 


-9514 


-0476 


-0438 


■04OO 


■0364 


-9327 


■02 


1 sa-B 


731-5 


-9625 


■0587 


-0547 


-9500 


■9-171 


-0432 


-0396 


-0359 




28'9 


734-0 


■96S9 


■9620 


-9580 


-9543 


-95ftt 


-9465 


■9429 


■9302 


■93G|I 


290 


730-6 


-0fi93 


■9654 


-9618 


■9576 


■9536 


■9103 


■0462 


■EW24 


■93W 


231 


739-1 


■9725 


-9687 


-0047 


-9608 


■9569 


■9531 


■0404 


■9457 


■94 


2<1'S 


741-6 


-9759 


■0720 


-9680 


-9610 


■9602 


■95G3 


-9527 


■9480 


■Oj 


29'3 


r*i-2 


■9703 


■9753 


■9713 


■9B74 


-9635 


-9596 


■0559 


-0523 


■918 


Wi 


7-W-7 


■0320 


■0787 


■974G 


-0707 


■0668 


■0620 


■9593 


■9w4 


■0514 


28'5 


749-3 


-9859 


■9320 


-9779 


-9740 


■0701 


■0603 


■0624 


-9387 




296 


751-8 


■9803 


■9853 


-0813 


-0773 


■0733 


■06B4 


■9667 


■9619 


■9S, 


2U7 


764-3 


■9920 


-9SS7 


-9815 


-9800 


■9766 


■9727 


-OfiOO 


-0652 


-0611 


au-8 


750-9 


-9050 


■9U20 


-9879 


■9839 


-0800 


■9760 


-0733 


-oew 




209 


759-4 


■9993 


-0054 


-9013 


■0873 


■9833 


-9793 


■0755 


9717 


■9078 


' 30-0 


762-0 


1-0030 


■9987 


-0015 


■9905 


■9866 


■9830 


-97S8 


-0740 


■07M 


301 


7M-5 


lOOfiO 


1-0020 


-9978 


■9938 


■9893 


■9858 


-0820 


■0783 


■0749 


3U-3 


767-0 


1-0093 


1-0053 


lOOll 


-9071 


•0931 


■9891 


-0853 


■9814 


■977 


30-3 


769-fl 


1-0126 


1-0OS6 


1-0044 


1-0004 


-9964 


■9924 


■9885 


■0346 


■080 


304 


7731 


1-OlCO 


1-0120 


10073 


10037 


-9007 


■9957 


■9918 


■0879 


■983? 


80'5 


774-7 


1-0194 


1-0153 


1-om 


1-0070 


1-0030 


-9930 


■9950 


■0911 


-0870 


80-6 


777-2 


1-0237 


1-0186 


1-0144 


1-0103 


1-0063 


1-0022 


■9983 


■9941 


■990i 


' 30-7 


779-7 


1-0260 


1-0320 


1-0177 1 1-0136 


1-0090 


1^00,i5 


10010 


■9976 


■09S5 


1 80-8 


782-3 


1-0291 


1-0253 


1-0210 1-0109 


1-0128 


1-0087 


1-0048 


1-0009 


■90 


30-9 


784-8 


1-0337 


1-0286 


1-0243 1-0203 


1-0164 


1-0120 


1-0081 


1-0041 


1-00 


31-0 


787'4 


1-03C0 


1-0319 


1-0378 1-0335 


1-0194 


10153 


1-0114 


1-0074 


1^003t 


^^^^ J 



FACTORS FOE HEDUCING A GIVEN VOLUME OP GAS TO 
NORMAL TEMPERATUEE AND PBESSUBE.— Coninrnerf. 





lo-o 


U-1 


12-i 


lS-3 


U'l 


IB'6 


13-7 


ir. 


fWuenlioil. 


w 


BS- 


W- 


68" 


^ 


60- 


02- 


B.- 


Id. 


metre. 


















37-5 


698-6 






;8797 


■8763 


■8728 


■8695 


■86C1 


■8638 


27'6 


roio 


-8000 


-8861 




■8795 


-8760 


'8726 


-8698 


'8660 


877 


ro3-a 


-8932 


;3897 


-8861 




;8792 


'8738 


-8721 


'8691 


ara 


706-1 


-8061 




•8803 






■8700 


■8760 


-8732 


a79 


7080 


■8096 


-8960 


■8925 


■8800 


■8856 


'8821 


■8787 


■8764 


38-0 


711-3 


-9029 


■8902 


■8937 


■8923 


-8SS7 


-8853 


■8819 


-8785 


38-1 


718-7 


■0060 


■9035 


■8089 


■8951 


■8919 




-8860 


■8816 


ES'3 


710-8 


■9093 


-9057 


■9021 


■8086 


■8051 


■8916 


-8S82 


■8848 


28-3 


718'8 


-9125 


■9089 


-9033 


■0018 


■8983 


'8948 


■8913 


-8879 


28-i 


731-3 


-9157 


■9121 


■0085 


'9030 


■9014 


■8079 


■8945 


■8911 


sss 


733-9 


■9189 


■0163 


■9117 


■9083 


■9016 


■9011 


•8976 


'8912 


S8'6 


786-4 


-9232 


■9185 


■OMO 


-9114 


■9077 


'9013 


■9008 


'8973 


887 


728-a 


■92S4 


-9218 


■9181 


■9146 


-9109 


■9074 


■9039 


'9005 


38-8 


731-6 


■9386 




■9318 


■9177 


-0141 


■0106 


-9071 


'9036 


S8-9 


734-0 


■9318 


-9282 


■9215 


■9209 


0173 


-9138 


■9102 


'9067 


200 


730S 


■9351 


-9314 


-0277 


-9241 


■0203 


■0109 


-9134 


■9099 


29-1 


739-1 


■9383 


-9346 


■9309 


■9373 


■9236 


■9201 


-9165 


'0130 


38-3 


711-6 


-0415 


■9378 


'0311 


■9305 




-9233 


'9197 


■9163 


39-3 


7M-a 


-9418 


-9410 


■0373 


■9336 


■9300 


■0201 


■9228 


'9193 


29-4 


7«-7 


■0480 


-9443 


-9105 


■0368 


-0332 


■9296 


'9200 


■9324 


296 


74B-3 


-9512 


-9175 


-0137 


'9400 


■9363 


■0328 


■9291 


■0256 


29« 


7BI-6 


■9541 


-0506 


■0109 


-0432 


■9305 


-9369 


■0323 


'9387 


SS-7 


7Bi-3 


■ffi77 


■9639 


■9501 


■0461 


■9427 


■9390 


-0351 


■9318 


29-8 


750-9 


-9600 


-9571 


■9333 


■9406 


-9459 


■9432 


-9386 


■9350 


39-9 


739-4 


-9011 


-9603 


-9565 




-9490 


■9431 


'9117 


-9381 


80-0 


703-0 


■9673 


■9635 


-9507 


■05(50 


■9522 


■9186 


-9410 


'9413 


80-1 


764-5 


■0706 


■9607 


-BC29 


'9591 


-9554 


-9517 


'9180 


■0441 


wa 


767-0 


-9738 


■9700 


■9661 


-9628 




•9319 


-0513 


■9175 


SO-3 


7^-6 


-0770 


■0731 


■9603 


-0055 


■9617 


-0580 


-9513 


'9507 


804 


773-1 


■9803 


■9761 


-9725 


■0687 


-9049 


-0613 


-9575 


■9538 


lO'S 


774-7 


■9835 


;9r90 


■9737 


■9719 


■9681 


'9643 


■OfiOO 


■9569 


BO-8 


777-3 


■9867 




■9789 


'0761 


■9713 


'0075 


-9038 


■9601 


807 


770-7 


■0899 


■9860 


■9831 


'0782 


-0741 


•9707 


'9609 


■0032 


30-8 


783-3 


■0931 


■0892 


-9853 


■9815 


■0776 


■9738 


■9701 


■9664 


80-9 


7ftl-8 


•9903 


■0021 


■0885 


■0816 


-0807' 


■9770 


■9732 


'9605 


31-0 


787-4 


■9090 


■9050 


■9017 


■9S78 


'0810 


■9801 


■9761 


■9726 
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PACTOES FOE EEDUCING A GIVEN VOLUME OP GAS TO 
NOEMAL TEMFEEATUEE AND TB.ESSUB.E.—CotUinued. 

OP Centigrade, and 760° millimeires, or 82° Fahrenheit, and 29*92 inches barometrio 

fnressore. 



Centigrade. 


18-9 


20 


21-1 


22-2 


23-3 


24*4 


25-6 


267 


Fahrenheit. 


60' 


68' 


70* 


72' 


74' 


76' 


78' 


80' 




MilU. 








, 








/ 


In. 


metre. 
















27-5 


698-5 


•8595 


•8568 


•8530 


•8498 


•8466 


•8435 


•8403 


•8872 


27-6 


7010 


•8626 


•8594 


•8561 


•8529 


•8497 


•8465 


•8434 


•8403 


27-7 


703-6 


•8658 


•8625 


•8592 


•8560 


•8528 


•8496 


•8464 


•8433 


27-8 


706-1 


•8689 


•8656 


•8623 


•8591 


•8559 


•8527 


•8495 


•8463 


27-9 


708-6 


•8720 


•8687 


•8654 


•8622 


•8589 


•8557 


•8525 


•8494 


280 


711-2 


•8751 


•8718 


•8685 


•8653 


•8620 


•8588 


•8556 


•8524 


28-1 


713-7 


•8783 


•8750 


•8716 


•86a4 


•8651 


•8619 


•8587 


•8555 


28-2 


716-3 


•8814 


•8781 


•8747 


•8714 


•8682 


•8649 


•8617 


•8585 


28-3 


718-8 


-8845 


•8812 


•8778 


•8745 


•8713 


•8680 


•8648 


•8616 


28-4 


721-3 


•8876 


•8843 


•8809 


•8776 


•8743 


•8711 


•8678 


•8646 


28-5 


7239 


•8908 


•8874 


•8840 


•8807 


•8774 


•8741 


•8709 


•8677 


28-6 


726-4 


-8939 


•8905 


•8872 


•8838 


•8805 


•8772 


•8739 


•8707 


28-7 


728-9 


•8970 


•8936 


•8903 


•8869 


•8836 


•8803 


•8770 


•8788 


28-8 


731-5 


•9002 


•8968 


•8934 


•8900 


•8866 


•8833 


•8800 


•8768 


28-9 


731-0 


•9033 


•8999 


•8965 


•8931 


•8897 


•8864 


•8831 


•8798 


290 


736-6 


•9064 


•9030 


•8996 


•8962 


•8928 


•8895 


•8862 


•8829 


29-1 


7391 


•9095 


•9061 


•9027 


•8993 


•8959 


•8925 


•8892 


•8859 


29-2 


741-6 


•9127 


•9092 


•9050 


•9023 


•8920 


•8956 


•8923 


•8890 


293 


744-2 


•9158 


•9123 


•9089 


•9054 


•9020 


•8987 


•8953 


•8920 


29-4 


746-7 


•9189 


•9154 


•9120 


•9085 


•9051 


•9017 


•8984 


•8951 


29-5 


749-3 


•9220 


•9186 


•9151 


•9116 


•9082 


•9048 


•9014 


•8981 


29-6 


751-8 


-9252 


•9217 


•9182 


•9147 


•9113 


•9079 


•9045 


•9012 


29-7 


754-3 


•9283 


•9248 


•9213 


•9178 


•9144 


•9109 


•9076 


•9042 


29-8 


756-9 


•9314 


•9279 


•9244 


•9209 


•9174 


•9140 


•9106 


•9072 


29-9 


759-4 


•9345 


•9310 


•9275 


•9240 


•9205 


•9171 


•9137 


•9103 


300 


762-0 


•9377 


•9341 


•9306 


•9271 


•9236 


•9201 


•9167 


•9133 


301 


764-5 


•9408 


•9372 


-9337 


•9302 


•9267 


•9232 


•9198 


•9164 


30-2 


7670 


•9439 


•9403 


•9368 


•9333 


•9297 


•9263 


•9-228 


•9194 


30-3 


769-6 


•9470 


•9435 


•9329 


•9363 


•9328 


•9293 


•9259 


'9225 


30-4 


7721 


•9502 


•9466 


•9430 


•9394 


•9359 


•9324 


•9289 


•9255 


30-5 


774-7 


•9533 


•9497 


•9461 


•9425 


•9390 


•9355 


•9320 


•9286 


30-6 


777-2 


•9564 


•9528 


•9492 


•9456 


-9421 


•9385 


•9351 


•9316 


30*7 


779-7 


•9595 


-9559 


•9523 


•9487 


•9451 


•9416 


•9381 


•9346 


30-8 


782-3 


•9627 


•9590 


•9554 


•9518 


•9482 


'9447 


•9412 


•9377 


30-9 


784-8 


•9658 


•9621 


•9585 


•9549 


•9513 


•9477 


•9442 


•9407 


31-0 


787-4 


•9689 


•9653 


•9616 


•9580 


•9544 


•9508 


•9473 


•9438 



^^f 




^^^H 


1 TABLE 22 


-VOLUMES OF WATER ' \ 


At diflbrent Temperaturea (Kopp). 1 


Temp. 




Teaip. 




Tomn 




Oels. 




Cela." 




CelB. 






1 


0'999947 


14 
15 






1-0OC656 ' 40 
1-000695 45 


1-007531 
1-009541 


2 


0'999908 


16 






1-000846 50 


1011766 


8 


0-999885 


17 






1-001010 55 


1-014100 


4 


0-999877 


IS 






1001184 60 


1-016590 


5 




19 






1-001370 ! 65 


1-019302 


G 


0-999908 


20 






1-001567 1 70 


1-022246 


7 




21 






1-001776 . 75 


1025440 


8 


fr999986 


22 






1-0019K 1 80 


1028581 


9 


1-000048 


23 






1-0022® I 85 


1081894 


10 


1-000124 


24 






1-002465 


90 


1-035397 


H 


1-000213 


25 






1-002715 


95 


1-089094 


12 


1-000314 


30 






10M064 


100 


1-0429S6 


13 


1-000429 


85 






i-!mm 






TABLE 23B.-REDUCTION OF WATER PRESSURE I 


To Mercui-ial Preaenre. j 


aa 


Hg 


aq 


Hg 


aq 


Hg 


»q 


Hg 


aq 


Hg 


1 


007 


23 


1-70 


45 


3-32 


67 


4-94 


89 


6-67 


2 


O'lS 


24 


1-77 


46 


3-89 


68 


5-02 


90 


6-64 


S 


0-23 


25 


1-84 


47 


3-47 


69 


5-09 


91 


6-72 


4 


0-80 


26 


1-92 


43 


854 


70 


5-17 


92 


6-79 


5 


0-87 


27 


1-93 


49 


3-62 


71 


524 


93 


6-86 


6 


0-44 


28 


2-07 


50 


8-69 


72 


5-31 


94 


6-94 


7 


0-52 


29 


2-14 


51 


8-76 


73 


5-39 


95 


7-01 


8 


0-59 


30 


2-21 


53 


8-84 


74 


5-46 


96 


7-08 


3 


0'66 


31 


2-29 


53 


8-91 


75 


5-54 


97 


7-16 


10 


074 


32 


2-36 


U 


3-99 


76 


5-61 


98 


7-28 


11 


0-81 


33 


2-44 


55 


4-06 


77 


5-68 


99 


7-31 


12 


0-89 


84 


2-51 


56 


4-13 


78 


5-76 


100 


7-38 


13 


O'Se 


35 


2-58 


57 


4-21 


79 


5-83 


200 


14-76 


14 


1-03 


36 


2-66 


58 


4-28 


80 


5-90 


300 


22-14 


15 


1'12 


87 


2-73 


59 


4-35 


81 


5-98 


400 


29-53 


16 


1-18 


38 


2-80 


60 


4-43 


82 


6-05 


500 


86-90 


17 


1-26 


39 


2-S8 


61 


4-50 




6-13 


600 


44-28 


IB 


1-33 


40 


2-95 


62 


4-58 


84 


6-20 


700 


61-66 


19 


1-40 


41 


3-03 


63 


4-65 


85 


6-27 


800 


5901 


20 


1-38 


42 


3-10 


64 


4-72 


86 


6-35 


900 


66-42 


21 


1-55 


48 


3-17 


65 


4-80 


87 


6-42 


1000 


7&80 


22 


1-62 


44 


3-25 


66 


4-87 


88 


6-49 






b. _ J 
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TABLE 28.-TEN8ION8 OF AQUEOUS VAPOUR 

bHwcen — 20 and + 118* C. in millimetres mercury (Magnus). 



T 


1 
mm 


T 


mm 


T 

1 


mm 


--20* 


0-010 


+ 15* 


12-677 


! +50* 


92K) 


10 


O990 


10 


18-519 


i ^1 


96^ 


18 


1-089 


17 


14-409 


52 


101-5 


17 


1-186 


18 


15-851 


58 


106-6 


10 


1-290 


19 


16-845 


54 


111-9 


15 


1-408 


20 


17-896 


55 


117-4 


14 


1-625 


21 


18-505 


56 


128-1 


]» 


1-055 


22 


19-675 


57 


129-1 


i2 


1-790 


28 


20-909 


58 


185-8 


11 


1-947 


24 


22-211 


59 


141-8 


30 


2-100 


25 


28-582 


60 


148-6 





2-284 


26 


25-026 


61 


155-6 


H 


2-471 


27 


26-547 


62 


162-9 


7 


2071 


28 


28-148 


63 


170-5 





2-880 


29 


29-882 


64 


178-4 


5 


8-no 


80 


81-602 


65 


186-6 


4 


8801 


81 


83-5 


66 


195-1 


» 


8-024 


82 


85-4 


67 


204-0 


2 


8-JiOO 


88 


87-5 


68 


218-2 


1 


4-205 


84 


89-6 


69 


222-7 





4-525 


85 


41-9 


70 


282-6 


+ 1 


4-807 


86 


44-8 


71 


242-9 


2 


5-281 


87 


46-8 


72 


253-5 


» 


5-019 


88 


49-4 


78 


264-6 


4 


6-082 


89 


521 


74 


276-0 


5 


6-471 


40 


550 


75 


287-9 





6-989 


41 


58-0 


76 


800-2 


7 


7-486 


42 


61-1 


77 


812-9 


H 


7-904 


48 


64-4 


78 


826-1 





8-525 


44 


67-8 


79 


889-8 


10 


9-126 


45 


71-4 


80 


858-9 


11 


9-756 


46 


75-2 


81 


868-6 


12 


10-421 


47 


791 


82 


883-7 


18 


11180 


48 


88-2 


88 


899-4 


14 


11-882 


49 


87-5 


84 


415-6 
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TENSION OF AQUEOUS YAl^JJR-CorUinued. 



T 


mm 


T 


mm 


T 


mm 


+85' 


432-3 


+97* 


681-7 


+ 109** 


1041-8 


86 


449-6 


98 


707-0 


110 


1077-3 


87 


467-5 


99 


733-1 


111 


1114-3 


88 


486-0 


100 


760-0 


112 


1152-3 


89 


505-0 


101 


787-7 


113 


1191-4 


90 


524-8 


102 


816-3 


114 


1231-7 


91 


545-1 


103 


845-7 


115 


1273-0 


92 


566-1 


104 


876-0 


116 


1315-5 


93 


587-8 


105 


907-1 


117 


1359-1 


94 


610-2 


106 


939-2 


118 


1403-9 


95 


633-8 


107 


972-3 






9G 


657-1 


108 


1006-3 







TABLE 23b.— TENSION OF AQUEOUS VAPOUR FOR 
TEMPERATURES FROM 40* C. 



Temperatnre. 


Tension in mm. 


In atmospheres. 


Pressure per sqaare 
centm. m kilos. 


+ 4(f 


54-906 


0-072 


0-07465 


45 


71-391 


0-094 


O097O6 


50 


91-982 


0-121 


0-12505 


55 


117-478 


0-154 


0-15972 


60 


148-791 


0-196 


0-20323 


65 


186-945 


0-246 


0-25417 


70 


233-093 


0-306 


0-31692 


75 


288-517 


0-380 


0-39227 


80 


854-643 


0-466 


0-48217 


So 


433-041 


0-570 


0-58877 


90 


525-450 


0-691 


0-71440 


95 


633-778 


0-834 


0-86168 


100 


760-00 


1-000 


1-03330 


105 


906-41 


1-193 


1-23236 


110 


1075-87 


1-415 


1-46210 


115 


1269-41 


1-678 


1-72592 


120 


1491-28 


1-962 


202755 


125 


1743-88 


2*294 


2-37098 


130 


2030-28 


2-671 


2-76037 


185 


2353-73 


8-097 


8-20013 
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TENSION OF AQUEOUS VAFOUB K)B TEMPEBATUBES 



Tempermtoie. 


Tonsioii in mm. 


In atanoqphflniu 


Preeaan per ■qaare 


+140 


2717-68 


8-575 


8-69490 


145 


8125*55 


4-112 


4-24950 


150 


8581*28 


4-712 


4-86904 


155 


4088-56 


5-380 


5-56881 


160 


4^1-62 


6-120 


6-82434 


165 


5274-54 


6-940 


7-17127 


170 


5961-66 


7-844 


8-10547 


175 


6717-43 


8-838 


9-13302 


180 


7546-39 


9-929 


10-2601 


1^ 


8153-23 


U-122 


U-4930 


190 


9442-70 


12-424 


12-8383 


195 


l(»19-73 


13-841 


14-3025 


200 


11688-96 


15-380 


15-8923 


205 


12955-66 


17-047 


17-6145 


210 


14324-80 


18-848 


19-4760 


215 


15801-33 


20-791 


21-4885 


220 


17390-00 


22-881 


23-6439 


225 


19097-04 


25-127 


25-9643 


230 


20926-40 


27-534 


28-4515 



TABLE 24.— TENSION OF AQUEOUS VAPOUR IN INCHES OF 

MERCURY FROM V TO 100** FAH. . 



Temperature 


Inches of 


Temperatare 


Inches of 




Fahrenheit. 


Mercuiy. 


Fahrenheit. 


Mercury. 




1 


•046 


11 


•071 




2 


•048 


12 


•074 




8 


•050 


13 


•078 




4 


•052 


14 


-082 




5 


•054 


15 


•086 




6 


•057 


16 


-090 




7 


•060 


17 


•094 




8 


•062 


18 


-098 




9 


•065 


19 


•103 




10 


•068 


20 


•108 
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TENSION OP AQUEOUS VAPOUE IN INCHES OP MEECUEY 

PEOM r TO l(Xr FAE.^CofUinued. 



Totnperatare 


Tnohes of 


Temperatare 


Inches of 


Fahrenheit. 


Mercury. 


Fahrenheit. 


Mercury. 


21 


•118 


61 


•537 


22 


•118 


62 


•556 


23 


•123 


63 


•576 


24 


•129 


64 


•596 


25 


•185 


65 


•617 


26 


•141 


66 


•639 


27 


•147 


67 


•661 


28 


•153 


63 


•685 


29 


•160 


69 


•708 


80 


•167 


70 


•733 


81 


•174 


71 


•759 


82 


•181 


72 


•785 


83 . 


•188 


73 


•812 


84 


•196 


74 


•840 


85 


•204 


75 


•868 


86 


•212 


76 


•897 


87 


•220 


77 


•927 


88 


•229 


78 


•958 


89 


•238 


79 


•990 


40 


•247 


80 


1023 


41 


•257 


81 


1-057 


42 


•267 


82 


1-092 


43 


•277 


83 


1-128 


44 


•288 


84 


1-165 


45 


•299 


85 


1-203 


46 


•811 


86 


li242 


47 


•323 


87 


1-282 


48 


•835 


88 


1-823 


49 


•348 


89 


1-366 


50 


•861 


90 


1-401 


51 


•374 


91 


1-455 


52 


•388 


92 


1-501 


58 


•403 


93 


1-548 


54 


•418 


94 


1-596 


55 


•433 


95 


1-646 


56 f 


•449 


96 


1-697 


hi 


•465 


97 


1-751 


58 


•482 


98 


1-806 


59 


•500 


99 


1-862 


60 


•518 


100 


1-918 
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TABLE 24B.— TENSION OF AQUEOUS VAPOUR. 



Temperature 
Fahrenlieitb 


Inches of 
Mercory. 


Atmospheres. 


Lbs. per 
square inch. 


100 


1-918 


•064 


•941 


110 


2-577 


-086 


1-267 


120 


8-427 


•114 


1-676 


180 


4-502 


•150 


2-205 


140 


5-858 


•196 


2-888 


150 


7-546 


•252 


8-705 


160 


9-628 


•822 


4-784 


170 


12-18 


•407 


5-984 


180 


15-27 


•510 


7-498 


190 


19-01 


•685 


9-386 


200 


28-46 


•784 


11-53 


212 


29-92 


1-000 


14-706 


220 


8501 


1-170 


17-19 


280 


42-84 


1-415 


20-80 


240 


50-89 


1-701 


25-01 


250 


60-81 


2-082 


29-87 


260 


72-27 


2-415 


85-50 


270 


85-41 


2-855 


41-97 


280 


100-4 


8-856 


49-34 


290 


117-5 


8-927 


57-73 


800 


186-8 


4-572 


67-22 


810 


158-6 


5-801 


77-94 


820 


188-1 


6120 


89-98 


880 


210-5 


7-035 


103-4 


840 


241-1 


8-058 


118-5 


850 


275-0 


9-198 


135-2 


860 


812-6 


10-45 


153-6 


870 


854-0 


11-83 


173-9 


880 


899-6 


13-35 


196-3 


890 


449-6 


15-02 


220-8 


400 


504*4 


16-86 


247-9 


410 


568-9 


18-84 


277-0 


420 


628-8 


21-01 


309-9 


480 


699*2 


23-37 


843-6 


440 


775-8 


25-91 


880-9 



J55 



TABLE 25.— VARIATION OF BOILING POINT OF WATER 

with different barometric pressures. 



Boiling Point. 


Barometric Pressure. 


Centigrade. 


Fahrenheit. 


Millimetres. 


Inches. 


98-5 


209-30 


720-15 


28-352 




98-6 


209-48 


722-75 


28-455 




98-7 


209-66 


725-35 


28-557 




98-8 


209-84 


727-96 


28-660 




98-9 


210-02 


730-58 


28-763 




99-0 


210-20 


733-21 


28-866 




99-1 


210-38 


735-85 


28-970 




99-2 


210-56 


738-50 


29075 




993 


210-74 


741-16 


29-179 




99-4 


210-92 


743-83 


29-285 




99-5 


211-10 


746-50 


29-390 




99-6 


211-28 


749-18 


29-495 




997 


211-46 


751-87 • 


29-601 




99-8 


211-64 


754-57 


29-707 




99-9 


211-82 


757-28 


29-814 




100-0 


212-00 


760-00 


29-921 




100-1 


212-18 


762-73 


30029 




100-2 


212-36 


765-46 


80-137 




100-3 


212-54 


768-20 


30-244 




■ 100-4 


212-72 


771-95 


30-392 
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TABLE 26.-8PE0IFI0 HEATS. 

(Begnanlt.) 

a.-SOLn)S AND LIQUmS. 
Water = 1-0000. 



Antimony 

Bismuth 

Brass 

Bricks 

Garbon 

Cq}per 

Glass 

Gold 

Iron (Cast) 

Iron (Wrought) 
Lead 



•0508 
*0808 
•0989 
•189--241 
•2411 
•0961 
•1987 
•0824 
•1298 
•1188 
•0814 



Platinum 

Phosphorus 

Sulphur > 

Silver 

Steel (Hard) .., 

Steel (Soft) 

Tin 

Zino 

Alcohol 

Mercury 

Sulphuric Acid 



•0824 
•1187 
•2026 
•(»70 
•1175 
•1165 
•0562 
•0956 
•7000 
•0838 
•8350 



6.-GASES AND VAPOUES. 



Atmospheric Air 

Alcohol Vapour 

Garbonic Acid 

Carbonic Oxide 

Ether Vapour 

Hydrogen •^. 

Nitrogen 

Oxygen 

Water Vapour 



Alr»rooo 

at 
Constant 
Pressure. 



1-00000 
1-8986 
0-9104 
1-0798 
20285 
14-8231 
1-0265 
0-9180 
1-9794 



Waters 10000. 



Ck>n8tant 
Volume. 



0-1687 
0-8200 
0-1535 
0-1758 
0-3411 
2*4146 
0-1780 
0-1548 
0-8337 



Constant 
Fressore. 



0-2377 
0-4513 
0-2164 
0-2479 
0-4810 
8-4046 
0-2440 
0-2182 
0-4750 



F 






57 
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TABLE 27.-MATHEMATICAL TABLES. 




CirmmfeMDCB and area oE 


itoles, Bqaar 


es, cnbCB, Equal's and cubs roots. I 







• 


n" 


a> 


V^ 


^iT 


I'O 


8-! 12 


0-7854 


1-000 


1-000 


1-0000 


1-0000 


1-1 


S-^G 


0-9503 


1-210 


1-831 


10488 


1-0323 


1-2 


8-770 


1-1810 


1-^40 


1-728 


10955 


1-0627 


1'3 


4-084 


1-3273 


1-690 


2-107 


1-1402 


1-0914 


1-4 


4-398 


1-5394 


1-960 


2-744 


1-1832 


1'1187 


1-5 


4-712 


1-7672 


2-250 


8-375 


1-!H47 


1-1447 


1'6 


5-027 


2-0106 


2-560 


4-096 


1-2649 


1-1696 


1-7 


5-3J1 


2-2698 


2-890 


4-913 


1-3038 


M935 


1-8 


6-655 


2-5417 


3-240 


5-832 


1-3416 


1-2164 


1-9 


B-969 


2-8353 


8-610 


6-ffi9 


1-8781 


12386 


20 


6-283 


8-1416 


4-000 


8-000 


1-4142 


1-2B99 


21 


6-597 


3-4636 


4-410 


9-261 


1-4491 


1-2806 




6-912 


3-8013 


4-830 


10-618 


1-4S32 


1-8006 


2'3 


7-226 


4-1548 


5-290 


12167 


1-5166 


1-3200 


2-4 


7-540 


4-5239 


5-760 


13-824 


1-5492 


1-3389 


2-5 


7-K4 


4-S087 


6-250 


15-625 


1-5811 


1-8573 


2'6 


8-168 


5-3093 


6-760 


17-576 


1-6125 


1-8761 


27 


8-482 


6-7256 


7-290 


19683 


1-6-132 


1-3925 


28 


8-797 


6-1575 


7-840 


21-952 


1-6733 


1-4096 


1 2'9 


9-lU 


6-6052 


6-410 


24-389 


1-70-29 


1-4260 


8'0 


9-425 


7-0686 


9-00 


27-000 


1-7321 


1-4422 


'■ 81 


9-789 


7-5477 


9-61 


29-791 


1-7607 


1-4581 


82 


10-C&3 


8-0425 


10-24 


8-2-768 


1-7889 


1-4786 


3-3 


10-867 


8-5530 


10-89 


85-937 


1-8166 


1-4888 


3-4 


10-681 


9-079-2 


11-56 


89-304 


1-8439 


1-5087 


S'5 


10-996 


9-G211 


12-25 


42-875 


1-8708 


1-5188 




11-810 


10-179 


12-96 


46-656 


1-8974 


1-6326 


87 


11-624 


10-752 


18-69 


50-653 


1-9-235 


1-6467 






11-841 


11-44 


54-873 


1-9494 


1-5603 


8-9 


12-252 


11-940 


15-21 


59-319 


1-9748 


1-5741 


4-0 


12-566 


12-566 


1600 


64-000 


2-0000 


1-5874 


4'I 


12-881 


13-203 


16-81 


88-921 


20249 


1-6005 


4-2 


13-195 


18-854 


17-61 




2-{M9'l 


1-6134 


4-3 


13-509 


14-5-22 


18-49 


79-607 


2-0786 


1-6261 


4-4 


13-^3 


15-205 


19-86 


ffi-184 


2-0976 


1-6386 


1 4-5 


li-137 


15-904 


20-25 


01-125 


2-1213 


1-6510 


4-e 


14-451 


16-619 


21-16 


97-386 


2-1448 


1-0631 


d7 


14-765 


17-849 


2200 


103-&^ 


2-1G80 


1-6751 


L 












J 
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TABLE 27.— MATHEMATICAL TABLEa— Cbn/tiiuec;. 
Gironmferenoe and area of oiroles, flqoares, cnbef , square and onbe roots. 



n 


wn 




• 


fi^ 


ti» 


Vn 


^n 


4'8 


15-080 


18-096 


28-04 


110-592 


2*1009 


1-6869 


4'0 


15-804 


18-857 


24-01 


117-649 


2-2136 


1-6985 


5-0 


16-708 


19-685 


25-00 


125-000 


2*2361 


1-7100 


5*1 


16-022 


20-428 


26-01 


182-651 


2-2583 


1*7213 


5-2 


lG-880 


21-287 


27-04 


140-608 


2-2804 


1*7325 


G'8 


1(}050 


22-062 


28-09 


148-877 


2-30-22 


1-7435 


b'i 


10-065 


22-902 


29-16 


157-464 


2-8238 


1*7544 


G-5 


17-279 


28-758 


80-25 


166-375 


2-3452 


1*7652 


5*0 


17-598 


24-680 


81-86 


175-616 


2-8664 


1*7758 


57 


17-907 


25-518 


82-49 


185-198 


2-8875 


1-7863 


5'8 


18-221 


26-421 


88-64 


195-112 


2-4083 


1*7967 


5-0 


18-585 


27-840 


84-81 


205-879 


2-4290 


1*8070 


60 


18-850 


28-274 


8600 


216-000 


2-4495 


1*8171 


O'l 


19-104 


29-225 


87-21 


226-981 


2-4698 


1-8272 


(i'2 


19-478 


80-191 


33-44 


288-828 


2-4900 


1-8871 


(J-8 


19-792 


81-178 


89-69 


250-047 


2-5100 


1-8469 


G'4 


20-106 


82-170 


40-96 


262*144 

• 


2-5298 


1-8566 


0-6 


20-420 


88-188 


42-25 


274-625 


2-5495 


1-8663 


O'O 


20-785 


84-212 


48-56 


287-496 


2-5691 


1-8758 


0-7 


21-049 


85-257 


44-89 


800-768 


2-5884 


1-8^2 


G'8 


21-8G8 


86-817 


46-24 


814*432 


2-6077 


1-8945 


0-9 


21-077 


87-898 


47-61 


828-509 


2-6268 


1-9038 


7-0 


21-991 


88-4^ 


49-00 


843-000 


2-6458 


1-9129 


7-1 


22-805 


89-592 


50-41 


357-911 


2-6646 


1-9220 


7-2 


22-019 


40-715 


51-84 


373-248 


2-6883 


1-9310 


7« 


22-984 


41-854 


58-29 


389-017 


2-7019 


1-9399 


7-4 


28-248 


48-008 


54-76 


405*224 


2-7203 


1-9487 


7*5 


28-562 


44-179 


56-25 


421-875 


2-7386 


1-9574 


7-6 


28-876 


45-865 


57-76 


488-976 


2-7568 


1-9661 


7-7 


24-190 


46 566 


59-29 


456-583 


2-7749 


1-9747 


7-8 


24-504 


47-784 


60-84 


474-552 


2-7929 


1-9832 


7-9 


24-819 


49-017 


62-41 


493-089 


2-8107 


1-9916 


80 


25-183 


50-266 


64-00 


512-000 


2-8284 


2-0000 


81 


25-447 


51-580 


65-61 


531-441 


2-8461 


2-0088 


8-2 


25-761 


52-810 


67-24 


551-368 


2-8636 


2-0165 


8-3 


26-075 


54-106 


68-89 


571-787 


2-8810 


2-0247 


8-4 


26-889 


55-418 


70-56 


592-704 


2-8983 


2-0828 
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TABIiE 27.— MATHEMATICAL TABLES.-Co«^tiii««£. 
Circumference and area of circles, Bquares, cubes, sqoare and cnbe roots. 



ft 


O 


w 

4 

• 


n» 


n» 


Vn 


^n 


8-5 
8-6 
8-7 
8-8 
8-9 


26704 
27-018 
27-832 
27-646 
27-960 


56-745 
58-088 
59-447 
60-821 
62-211 


72-25 
73-96 
75-69 
77-44 
79-21 


614-125 
636-056 
658-503 
681-472 
704-969 


2-9155 
2-9326 
2-9496 
2-9665 
2-9833 


2-0408 
2-0488 
2-0567 
2-0646 
2-0724 


9-0 
Ol 
9-2 
03 
9-4 


28-274 
28-588 
28-903 
29-217 
29-531 


63-617 
65-039 
66-476 
67-929 
69-398 


81-00 
82-81 
84-64 
86-49 
88-86 


729K)00 
753-571 
778-688 
804-357 
830584 


8-0000 
80166 
3-0882 
8-0496 
3-0659 


2-0801 
2-0878 
2-0954 
21029 
2-1105 


9-5 
9-6 
07 
9-8 
09 


29-845 
80159 
80-473 
80788 
81-102 


70882 
72-382 
73-898 
75-430 
70977 


90-25 
92-16 
94-09 
96-04 
98-01 


857-375 
884-736 
912-673 
941-192 
970-299 


3-0822 
8-0984 
3-1145 
8-1305 
8*1464 


2-1179 
2-1253 
2-1327 
2-1400 
2*1472 


lOO 
101 
102 
103 
104 


31-416 
81-730 
82-044 
82-358 
82-673 


78-540 
80-119 
81-713 
83-323 
84-949 


lOOOO 
102-01 
104-04 
106-09 
108-16 


1000-000 
1030-801 
1061-208 
1092-727 
1124-868 


8*1623 
3-1780 
3-1937 
8-2094 
3-2249 


2-1514 
2-1616 
2-1687 
2-1757 
2-1828 


105 
106 
107 
108 
109 


82-987 
83-301 
83-615 
83-929 
34-243 


86-590 
88-247 
89-920 
91-609 
93-313 


11025 
112*86 
114-49 
116-64 
118-81 


1157-625 
1191-016 
1225-043 
1259-712 
1295-029 


8-2404 
3-2558 
8-2711 
3-2863 
3-3015 


2-1897 
2-1967 
2-2036 
2-2104 
2-2172 


11-0 
111 
11-2 
11-3 
11-4 


84-558 
34-872 
85-186 
85-500 
85-814 


95033 
96-769 
98-520 
100-29 
102-07 


121-00 
123-21 
125-44 
127-69 
12996 


1331-000 
1867-631 
1404-928 
1442-897 
1481-544 


8-3166 
8-3317 
3-3466 
3-3615 
3-8754 


2-2239 
2-2307 
2-2374 
2-2441 
2-2506 


11-5 
11-6 
117 
11-8 
11-9 


86128 
86-442 
86-757 
87-071 
87-885 


103-87 
105-68 
107-51 
109-36 
111-22 


132-25 
184-56 
186-89 
139-24 
141-61 


1520-875 
1560896 
1601-613 
1643032 
1685-159 


8-3912 
8-4059 
8-4205 
8-4351 
3-4496 


2-2572 
2-2637 
2-2702 
2-2766 
2-2831 


12-0 
12-1 
12-2 


87-699 
38-018 
38-827 


113-10 
114-99 
116-90 


144-00 
146-41 
148-84 


1728-000 
1771-561 
1815-8i8 


3-4641 
8-4785 
8-4928 


2-2894 
2-2957 
2-3021 
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TABLE 


27.-m:athem:atical tables 


-Continued. V 


ci 


oamtcrciice 


nnd area of eirelca, sqaarcs, cubes, ecjna 


re nnd aaha roots. H 


- 





• 


„. 


n> 


V» 


« 


12a 


88-642 


118-83 


151-29 


1S60-8G7 


8-5071 


2-3084 


12'4 


88-956 


12076 


153-76 


1906-624 


8-5214 


2-3146 


12'5 


89-270 


122-72 


156-25 


1953-125 


8-53K 


2-8208 


12-6 


89-5M 


124-69 


158-76 


2000-376 


8-5496 


2-3270 


1 127 


39'898 


126-68 


161-29 


2M8-383 


8-5637 


2-3834 


12-8 


40-212 


128-68 


163-81 


2097-153 


3-5777 


2-3392 


12-9 


40-527 


130-70 


105-41 


2146-689 


3-5917 


2-8453 


18-0 


40-S41 


182-73 


169-00 


2197-000 


8-6056 


2-8518 


13-1 


41-155 


134-78 


171-61 


2248-091 


8-6194 


2-3573 


13-2 


41-469 


136-^ 


174-24 


2299-963 




2-3683 


18-3 


41-763 


138-93 




2352-637 




2-3603 


:3'4 


42-097 


141-03 


179-56 


2406-104 


8-6606 


2-8753 


13-5 


42-412 


148-14 


1S2-S 


2460-375 


8-6742 


2-3811 


13'6 


42-726 


M5-27 


184-96 


2515-436 


8-6378 


2-3870 


18'7 


43-040 


147-41 


187-69 


2571-853 


8-7018 


2-3928 


13'8 


43-854 


149-57 


190-44 


2628-072 


8-7148 


2-3986 


189 


43-668 


151-75 


193-21 


26K-619 


87283 


2-4M4 


14'0 


43-892 


158-94 


196-00 


2744-000 


3-7417 


2'4101 


141 


44-296 


156-15 


198-81 


2808-221 


8-7550 


2-4159 


14"3 


44-611 


158-37 


201-M 


2863-288 


8-7683 


2-4216 


14'3 


44-925 


160-61 


204-49 


2924-207 


3-7815 


2-4272 


14'4 


45-289 


162-86 


207-36 


2985-984 


3-7947 


2-4329 


14'5 


45-558 


165-13 


210-25 


8048-6-25 


8-a)79 


2-4885 


14'6 


45-867 


167-42 


218-16 


3112-186 


8-8210 


2-4441 


147 


46-181 


169-72 


216-09 


8176-523 


8-&341 


2-4497 


14'8 


46-496 


172-03 


219-04 


3241-792 


8-8471 


2-4652 


14'9 


46-810 


174-87 


222-01 


8307-949 


8-8600 


2-4607 


15-0 
15-1 


47-124 


176-72 


225-00 


8875-000 


3-8780 


2-4662 


47-488 


179-08 


228-09 


3142-951 




2-4717 


15-2 


47-752 


181-46 


231-04 


8511-808 


3-8987 


2-4772 


15-8 


48-066 


188-»5 


234-09 


^1-577 


3-9115 


2-4325 


15-4 


48-381 


186-27 


287-16 


3652-264 


3-9243 


2-4879 


15-5 


48-695 


188-69 


240-25 


8723-875 


3-9370 


2-4S38 


15-6 


49-009 


191-13 


243-36 


8796-410 


3-94U7 


2-4986 


157 


49-323 


193-59 


246-49 




8-9623 


2-5039 


^■8 


49-887 


196-07 


249-64 


3941-312 


8-9749 


2-5092 


15-9 


49-951 


198-66 


252-81 


4019-679 


8-9875 


2-5146 
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TABLE 27.-MATHEMATICAL TABLES. 


-CoMuued. 1 




and cten a! cicclcs, sqaurcs, cubes, aqnare and calls loota. ■ 


- 





e 


n* 


n> 


va 


i'^ 


16-0 


60-265 


201-06 


256-00 


4096-000 


4-0000 


2-5198 


16-1 


50'580 


203-58 


259-21 


4173-281 


4-0125 


2-5251 


16-2 


50-S94 




262-44 


4251-528 


4-0249 


2-5303 


16-3 


Bl-208 


203-67 


265-69 


4330-747 


4-0373 


2-5355 


16-4 


51-023 


211-24 


268-56 


4410-944 


4-0497 


2-6406 


16-5 


51-886 


218-83 


272-K 


4492-125 


4-0620 


2-5458 


16-G 


52-150 


216-42 


275-56 


4574-296 


4-0743 


2-5509 


16-7 


52-d(» 


219-04 


278-89 


4657-463 


4-0868 


2-5561 


16-8 


52-779 


221-67 


282-24 


4741-632 


4-0988 


2-5613 


16-9 


58-093 


224-33 


285-61 


4826-809 


4-1110 


2-5663 


17-0 


53-i07 


226-98 


299-00 


4918-000 


4-1231 


2-5718 


17-1 


53-721 




292-41 


5000-211 


4-1352 


2-5763 


17-2 


54-0^ 


232^ 


295-84 


5988-448 


4-1473 


2-5813 


17-8 


54'3o0 


23B-06 


299-29 


5177-717 


4-1593 


2-5863 


17-i 


64-664 


237-79 


80-2-76 


5268-024 


4-1713 


2-5918 


17-5 


64-978 


240-53 


806-25 


5859-375 


4-1833 


2-5963 


176 


55-293 


243-29 


809-7G 


5451-776 


4-19-59 


2-6012 


17-7 


^'606 


246>06 


813-29 


5545>233 


4-2071 


2-6061 


17-8 


65-920 


248-85 


816-84 


5639-752 


4-2190 


2-6109 


17-9 


56-235 


251-65 


820-41 


5735-389 


4-2308 


2-6158 


18-0 


66-649 


254-47 


324-00 


5832-000 


4-2426 


2-6207 


18-1 


66-868 


257-30 


8-27-61 


5929-711 


4-2544 


2-6256 


18-2 


67-177 


260-16 


331-24 


6028-568 


4-2661 


2-6304 


18-8 


57-491 


263-02 


334-89 


6128-487 


4-2778 


2-6352 


18-4 


57-805 


265-90 


S33-56 


6-339-504 


4-2895 


2-imi 


18'5 


58-119 


2fi8-80 


842-25 


6331-625 


4-3013 


2-6448 


18-6 


58-434 


271-72 


845-96 


6434-856 


4-8128 


2-6495 


18-7 


58-748 


274-65 


349-69 




4-8243 


2-6543 


18-3 


59-0G2 


277-59 


853-44 


6644-672 


4-3159 


2-65!)0 


18-9 


59-376 


280-55 


857-21 


6751-269 


4-8474 


2-6637 


19'0 


59-690 


283-53 


36100 


eSBO-OOO 


4-3589 


2-G634 


19-1 


60-OIH 


286-53 


861-81 


6S)67-871 


4-8703 


2-6731 


19'2 


60'319 


289-53 


868-61 


7077-888 


4-3818 


2-6777 


19'3 


60'633 


293-55 


372-49 


7189-IK7 


4-3943 


2-682.1 


19-4 


60-947 


2ffi.-59 


376-36 


7301-3^ 


4-4sm 


2-6869 


19-5 


61-26t 


298-65 


380-25 


7411-875 


4-4159 


2-6916 


19-6 


61-575 


801-72 


38416 


7529-506 


4-4272 


2-6962 


19-7 




304-81 


388-09 


7645-373 


4-4385 


2-7008 
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TABLE 27.— MATHEMATICAL TABLES.^Contifmed. 
Gircnmferenoe and area of oirolea, sqnareB, oabes, aqaare and cube roots. 



n 


im 

O 


• — 
4 

• 


n» 


ttS 


V» 


^ 


19-8 


62-204 


807-91 


392-04 


7762-392 


4-4497 


2-7058 


19-9 


62-518 


311-03 


39601 


7880-599 


4-4609 


2-7098 


2O0 


62-832 


814-16 


400-00 


8000-000 


4-4721 


2-7144 


20-1 


63-146 


317-31 


404-01 


8120-601 


4-4833 


2-7189 


20-2 


63-460 


320-47 


408-04 


8242-408 


4-4944 


2-7234 


20-3 


63-774 


823-66 


412-09 


8365-427 


4-5055 


2-7279 


204 


64-068 


326-85 


416-16 


8489-664 


4-5166 


2-7324 


20-5 


64-403 


830-06 


420-25 


8615-125 


4-5277 


2-7868 


20-6 


64-717 


333-29 


424-36 


8741-816 


4-5387 


2-7418 


20-7 


65-031 


336-54 


428-49 


8869-748 


4-5497 


2-7457 


20-8 


65-345 


339-80 


432-64 


8998-912 


4-5607 


2-7502 


20-9 


65-659 


343-07 


436-81 


9129-329 

• 


4-5716 


2-7545 


21-0 


65-973 


346-36 


441-00 


9261-000 


4-5826 


2-7589 


211 


66-288 


349-67 


445-21 


9393-931 


4-5935 


2-7633 


21-2 


66-602 


352-99 


449-44 


9528-128 


4-6043 


2-7676 


21-3 


66-916 


356-33 


453-69 


9663-597 


4-6152 


2-7720 


21-4 


67-230 


859-68 


457-96 


9800-344 


4-6260 


2-7763 


21-5 


67-544 


368-05 


462-25 


9938-375 


4-6368 


2-7806 


21-6 


67-858 


366-44 


466-56 


10077-696 


4-6476 


2-7849 


21-7 


68-173 


369-84 


470-89 


10218-318 


4-6583 


2-7893 


21-8 


68-487 


873-25 


475-24 


10360-232 


4-6690 


2-7935 


21-9 


68-801 


376-69 


479-41 


10503-459 


4-6797 


2-7978 


22-0 


69-115 


880-13 


484-00 


10648-000 


4-6904 


2-8021 


22-1 


69-429 


383-60 


488-41 


10793-861 


4-7011 


2-8063 


22-2 


69-743 


387-08 


462-84 


10941-048 


47117 


2-8105 


22-3 


70-058 


890-57 


497-29 


11089-567 


4-7228 


2-8147 


22-4 


70-372 


394-08 


501-76 


11239-424 


4-7329 


2-8189 


22-5 


70-686 


897-61 


506-25 


11890-625 


4-7434 


2-8231 


22-6 


71-000 


401-15 


510-76 


11543-176 


4-7539 


2-8278 


22-7 


71-314 


404-71 


515-29 


14697-083 


4-7644 


2-8314 


22-8 


71:628 


408-28 


519-84 


11852-352 


4-7749 


2-8856 


22-9 


71-942 


411-87 


524-41 


12008*989 


4-7854 


2-8897 


230 


72-257 


415-48 


529-00 


12167-000 


4-7958 


2-8488 


231 


72-571 


419-10 


533-61 


12326-391 


4-8062 


2-8479 


23-2 


72-885 


422-73 


538-24 


12487-168 


4-8166 


2-8521 


23-3 


73-199 


426-89 


542-89 


12649-887 


4-8270 


2-8562 


1. 


73-518 


430-05 


547-56 


12812-904 


4-8373 


2-8608 
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TABLE 27.-MATHEM:ATICAI; TABLES. 


-Conlim^. 1 




es, oabcs, BqnQ 


re and OQbe roots. | 


" 





• 


n> 


n' 


V^ 


-^iT 


; 28-5 


73'827 


433-74 


552-25 


12977-875 


4-3477 


2-8643 




74-142 


437-44 


556-96 


13144-256 


4-ssao 


2-8684 


23-7 


74-456 


441-16 


561-69 


13312053 


4-8663 


2-8724 




74-770 


444-8B 


566-44 


13481-272 


4-8785 


2-87K 


23-9 


75-OM 


448-63 


471-21 


18651-919 


4-8888 


2-8805 


24-0 


75-398 


452-89 


576-00 


13aM-000 


4-8990 


2-8845 


ati 


75-712 


45617 


580-81 


13997-521 


49092 


2-88es 


34-2 


76-027 


459-30 


585-64 


14172-488 


4-9192 


2-8925 


Sl-3 


76-341 


463-77 


590-49 


14318-907 


4-9295 


2-89IH 


■a-i 


76-655 


467-60 


595-36 


14526-784 




2-9004 


2i-5 


76-969 


471-44 


600-25 


14706-123 


4-9497 


2-9044 


24-6 


77-283 


473-29 


6(6-16 


14886-936 


4-9508 


2-90ra 


24-7 


77-597 


470-16 


61009 


15669-223 


4-9699 


2-9123 


24-8 


77-911 


483-15 


615-04 


15252-992 


4-9799 


29162 


24-9 


78-226 


486-96 


620-01 


15438-249 


4-9899 


2-9201 


2B-0 


78-540 


490-87 


625-00 


15625-000 


5-0000 


2-9241 


25-1 


78-854 


494-81 


630-01 


15813-251 


50099 


2-9279 


25-2 


79-168 


498-76 


635-04 


16003-008 


50199 


2-9318 


25-3 


79-482 


502-73 


640-09 


16194-277 


50299 


2-9356 


; 25-4 


79-796 


606-71 


645-16 


16387-064 


50398 


2-9395 


1 Ki-5 


eO-111 


510-71 


650-25 


16581-375 


5-0497 


2-9434 


25'6 


80-425 


611-72 


653-36 


16777-216 


5-0696 


2-9472 


j 25-7 


80-739 


518-75 


680-49 


16974-593 


3-0695 


2-9510 


25-8 


81-053 


522-79 


665-64 


17173-512 


3-0793 


29549 


25-9 


81-367 


526-K 


670-81 


17373-979 


3-0892 


2-9586 


2G-0 


81-681 


530-93 


676-00 


17576-000 


6-0990 


2-9624 


26-4 


61-996 


53502 


681-21 


17779-581 


5-1083 




26-2 


62-310 


53913 


686-44 


17984-728 


5118) 


2-9701 


26-3 


63-6-31 


543-25 


691-69 


18191-447 


51283 


2-9738 


26-4 


82-938 


547-89 


696-96 


18399-744 


51380 


2-9776 


26-5 


83-252 


551-55 


702-25 


18609-625 


3-1478 


2-9814 


26-6 




556'73 


707-56 


18821-096 


6-1575 


2-9851 


SG7 


83-881 


55990 


712-89 


19034-163 


5-1672 


2-9888 


26-8 


M-195 


561-10 


718-24 


19218-832 


51768 


2-9926 


26-9 


64-509 


668-32 


723-61 


19465-109 


5-1865 


2-9963 


27-0 


81-8-23 


572-56 


729-00 


19683000 


51962 


8-0000 


27-1 


85137 


576-80 


734-41 


1990-2-511 


5-2057 


3-0037 


27-2 


85-451 


581-07 


789-84 


20123-648 


5-2153 


8-0074 


L. 


^^ ,tk 


>k 


■ 






_^ 



■i 


^ 




61 




1 


^M 




TABLE 


i7.-MATHEMATICAL TABLES. 




CiroumfBiBDce 


and area of oirclpa, BquareB, culjee, Bqaaro and cobo roola- H 


" 





• 


«■ 


B< 


Vn 


W 
















27'3 


B5765 


585-35 


7^-29 


20346-417 


5-2249 


som 


27>i 


86-080 




750-76 


2(K70-824 


5-2345 


8-0147 


27-5 


86-8M 


593-96 


756-SS 


20796-875 


B-2440 


3-0184 


27 'G 


86-708 


598-29 


761-76 


21024-576 


5-25K 


30221 


277 


87-022 


602-63 


767-29 


21253-933 


5-2630 


3-0267 


27'8 


87-336 


606-99 


772-M 


21484-952 


5-2725 


3-0293 


27'9 


87-650 


611-36 


778-41 


21717-639 


5-2820 


3-0330 


280 


87-9G3 


G15-75 


784-00 


21952-000 


5-2915 


3-0366 


28-1 


88-279 


620-16 


789-61 


22188-041 


5-3009 


3-0102 


1 28-2 


88-593 


624-58 


795-24 


23425-768 


5-3L03 


3-0138 


28'8 


83-907 


629-02 


800-89 


22665-187 


5-3197 


8-0474 


28-4 


89-221 


633-47 


806-56 


22906-304 


5-3-291 


8-0510 


28-5 


89-5te 


637-94 


812-25 


23149-125 


5-S335 


8-(B4B 


2S-S 


89-(fi0 


642-43 


817-96 


23393-656 


5-3478 


8-ffi81 


28-7 


90-164 


646-93 


823-69 


23639-903 


5-3672 


8-0617 


28-8 


90-478 


651-44 


829-44 


23887-872 


5-3665 


8-0652 


28-9 


90-792 


655-97 


835-21 


24187-569 


5-3758 


3'0688 


29'0 


91-106 


660-52 


841-00 


24389-000 


5-3ffi2 


8-0723 


291 


91-420 


665-08 


816-81 


24642-171 


5-3944 


8-0758 


29-2 


91-7B5 


6G9-66 


852-64 


24897-088 


5-4037 


8-0794 


29'8 


02-(M9 


674-26 


858-49 


25158-757 


5-4129 


8-0829 


29-4 


92-363 


678-87 


804-36 


25412-184 


5-4221 


80861 


29'5 


92-677 


683-49 


870-25 


iS672-875 


5-4313 


3-0899 


29-6 


92-991 




876-16 


259^-336 


5-4405 


3-0984 


297 


93-3(6 


692-79 


882-09 


26198073 


5-4497 


S-0968 


29-8 


93-619 


697-47 


888-04 


26463-592 


5-4589 


3-1003 


29-9 


93-984 


702-15 


894-01 


26730-899 


5-4680 


8-1088 


8(M) 


94-248 


706-86 


900-00 


27000-000 


5-4772 


8-1072 


30-1 


94-662 


711-58 


906-01 


27270-901 


B-4868 


8-1107 


802 


94-876 


716-33 


912-04 


27543-608 


6-4954 


8-1141 


80-a 


95-190 


721-07 


91809 


27818-127 


6-5045 


8-1176 


30-4 


95-604 


726-88 


924-16 


28094-464 


6-5136 


3-1210 


30-5 


95-819 


730-62 


030-25 


28372-625 


5-5226 


8-1244 


30'6 


96-138 


735-42 


936-86 


2S652616 


5-5317 


3-1278 


307 


96-447 


740-23 


942-49 


28934-443 


5-5407 


3-1312 


!i0-8 


96-761 


746-06 


948-64 


29218-112 


5-5497 


8-1346 


ao9 

1 


97-075 


7-49-91 


054-81 


29503-629 


5-5587 


3-1380 
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TABLE 27.— MATHEMATICAL TABLES.— Co»^inMe(£. 
Circumference and area of circles, squares, cubes, square and cube roots. 



n 


wn 

O 


4, 

• 


n» 


n« 


Vn 


Vn 


31-0 
31-1 
31-2 
31-3 
31-4 


97-389 
97-704 
98-018 
98-332 
98-646 


754-77 
759-65 
764-54 
769-45 
774-37 


961-00 
967-21 
673-44 
979-69 
985-96 


29791-000 
30080-231 
30371-328 
30664-297 
30959-144 


5-5678 
5-5767 
5-5857 
5-5946 
5-6035 


3-1414 
3-1448 
8-1481 
3-1515 
3-1549 


31-5 
31-6 
81-7 
31-8 
31-9 


98-960 
99-274 
99-588 
99-903 
100-22 


779-31 
784-27 
789-24 
794-23 
799-23 


992-25 

998-56 

1004-89 

1011-24 

1017-61 


81255-875 
81554-496 
31855-013 . 
82157-432 ' 
32461-759 


5-6124 
5-6213 
5-6302 
5-6391 
5-6480 


3-1582 
3-1615 
3-1648 
3-1681 
3-1715 


32-0 
82-1 
82-2 
82-3 
82-4 


100-53 
100-85 
101-16 
101-47 
101-79 


804-25 
809-28 
814-33 
819-40 
824-49 


1024-00 
1030-41 
1036-84 
1043-29 
1049-76 


82768-000 
33076-161 
33386-248 
33698-267 
34012-224 


5-6569 
5-6656 
5-6745 
5-6833 
5-6921 


3-1748 
3-1781 
3-1814 
3-1847 
8-1880 


82-5 
82-6 
32-7 
82-8 
82-9 


10210 
102-42 
102-73 
103-04 
103-36 


829-58 
834-69 
839-82 
844-96 
850-12 


1056-25 
1062-76 
1069-29 
1075-84 
1082-41 


34328-125 
34645-976 
34965-783 
35287-552 
35611-289 


5-7008 
5-7056 
5-7183 
5-7271 
5-7358 


8-1913 
3-1945 
3-1978 
3-2010 
3-2043 


830 
831 
83-2 
33-8 
83-4. 


103-67 
103-99 
104-30 
104-62 
164-93 


855-30 
860-49 
865-70 
870-92 
87619 


1089-00 
1095-61 
1102-24 
1108-89 
1115-56 


35937-000 
36-264-691 
36594-368 
36925-037 
37259-704 


5-7447 
5-7532 
5-7619 
5-7706 
5-7792 


3-2075 
3-2108 
3-2140 
3-2172 
3-2'204 


83-5 
33-6 
33-7 
83-8 
33-9 


105-24 
105-56 
105-87 
106-19 
106-50 


881-41 
886-68 
891-97 
897-27 
902-59 


1122-25 
1128-96 
1135-69 
1142-44 
1149-21 


37595-375 
87933056 
38272-753 
38614-472 
38958-219 


5-7879 
5-7965 
5-8051 
5-8137 
5-8223 


3-2237 
3-2269 
3-2301 
3-2332 
3-2364 


84-0 
84-1 
84-2 
84-3 
84-4 


106-81 
107-13 
107-44 
107-76 
108-07 


907-92 
913-27 
918-63 
924-01 
929-41 


1156-00 
1162-81 
1160-64 
1176-49 
1183-36 


39304-000 
39651-821 
40001-688 
40353-607 
40707-584 


5-8310 
5-8395 
5-8480 
5-8566 
5-8751 


3-2396 
3-2424 
3-2460 
3-2491 
3-2522 


84-5 
84-6 
84-7 


108-38 
108-70 
109-01 


934-82 
940-25 > 
945-69 


1190-25 
1197-16 
1204-09 


41063-525 
41421-736 
41781-923 


5-8736 
5-8821 
5-8906 


3-2554 
3-2586 
3-2617 



F 
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TABLE 27.— MATHEMATICAL TABLES.— Con^tniierf. 
Circumference aud area of circles, squares, cabes, sjaare and cube roots. 



n 


O 


• 


nJ» 


ns 


VT 


^n 


34-8 
34-9 


109-33 
109-64 


951-15 
956-62 


1211-04 
121801 


42144-192 
42508-549 


5-8991 
5-9076 


3-26 J8 
3-2679 


35-0 
351 
35-2 
35-3 
35-4 


109-96 
110-27 
110-58 
110-90 
111-21 


962-11 
967-62 
973-14 
978-68 
984-23 


1225-00 
1232-01 
123904 
1246-09 
1253-16 


42875-000 
43243-551 
43614-208 
43986-977 
44361-864 


5-9161 
5-9245 
5-9326 
5-9413 
5-9497 


3-2710 
3-2742 
3-2773 
3-2804 
3-2835 


35-5 
35-6 
35-7 
35-8 
35-9 


111-53 
111-84 
112-15 
112-47 
112-78 


989-80 

995-38 

1000-98 

1006-60 

1012-23 


1260-25 
1267-36 
1274-49 
1281-64 
1288-81 


44738-875 
45118-016 
45499-293 
45882-712 
46268-279 


5-9581 
5-9665 
5-9749 
5-9833 
5-9916 


3-2866 
3-2897 
3-2927 
3-2958 
3-2989 


36-0 
36-1 
36-2 
36-3 
36-4 


113-10 
113-41 
113-73 
114-04 
114-35 


1017-88 
1023-54 
1029-22 
1034-91 
1040-62 


129600 
1303-21 
1310-44 
1317-69 
1324-96 


46656-000 
47045-881 
47437-928 
47832-147 
48228-544 


6-0000 
60083 
6-0166 
6-0249 
60332 


3-3019 
3-3050 
8-3080 
3-3111 
3-3141 


36-5 
36-6 
36-7 
36-8 
36-9 


114-67 
114-98 
115-30 
115-61 
115-92 


1046-35 
1052-09 
1057-84 
1063-62 
1069-41 


1332-25 
1339-56 
1346-89 
1354-24 
1361-61 


48627-125 
49017-896 
49430-863 
49836-032 
50243-409 


6-0415 
6-0497 
6-0580 
6-0663 
60745 


3-3171 
3-3202 
3-3232 
3-3262 
3-3292 


37-0 
371 
37-2 
37-3 
37-4 


116-24 
116-55 
116-87 
117-18 
117-50 


1075-21 
1081-03 
1086-87 
1092-72 
1098-58 


1369-00 
1376-41 
1383-84 
1391-29 
1398-76 


50653-000 
51064-811 
51478-848 
51895-117 
52313-624 


6-0827 
6-090? 
6-09^1 
6-1073 
6-1155 


8-3322 
3-3352 
3-3382 
3-3412 
3^3442 


37-5 
37-6 
37-7 
37-8 
37-9 


117-81 
118-12 
118-44 
118-75 
11907 


1104-47 
1110-36 
1116-28 
1122-21 
1128-15 


1406-25 
1413-76 
1421-29 
1428-84 
1436-41 


52734-375 
53157-376 
53582-633 
54010-152 
54439-939 


6-1237 
6-1318 
6-1400 
6-1481 
6-1563 


3-3472 
3-3501 
3-3531 
3-3561 
3-3590 


380 
38-1 
38-2 
38-3 
38-4 


119-38 
119-69 
120-01 
120-32 
120-64 


1134-11 
1140-09 
1146-08 
1152-09 
1158-12 


1444-00 
1451-61 
1459-24 
1466-89 
1474-56 


54872-000 
55306-341 
55742-968 
56181-887 
96623-104 


6-1644 
6-1725 
6-1806 
6-1887 
6-1967 


3-3620 
3-3649 
3-8679 
3-3708 
3-3787 
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TABLE 27.— MATHEMATICAL TABLES.— Con/tniiee?. 
Circnmference and area of circles, squares, cubes, square and cube roots. 



n 


Vtt 

O 


«■ — 

4 

• 


n» 


n» 


Vii 


vn 


3S-5 


120-95 


1164-16 


1482-25 


57066-625 


6-2048 


3-3767 


38-6 


121-27 


1170-21 


1489-96 


57512-456 


6-2129 


3-3797 


38-7 


121-58 


1176-28 


1497-69 


57960-603 


6-2209 


3-3825 


38-8 


121-80 


1182-37 


1505-44 


58411-072 


6-2289 


3-3854 


38-9 


122-21 


1188-47 


1513-21 


58863-869 


6-2370 


3-3883 


89-0 


122-52 


1194-59 


1521-00 


59319-000 


6-2450 


3-3912 


391 


122-84 


1200-72 


1528-81 


59776-471 


6-2530 


8-3941 


89-2 


12315 


1206-87 


1536-64 


60286-288 


6-2610 


3-3970 


39-3 


123-46 


1213-04 


1544-49 


60698-457 


6-2689 


3-3999 


39-4 


123-78 


1219-22 


1552-36 


61162-984 


6-2769 


3-4028 


39-5 


12409 


1225-42 


1560-25 


61629-875 


6-2849 


3-4056 


39-6 


124-41 


1231-63 


1568-16 


62099-136 


6-2928 


3-4085 


39-7 


124-72 


1237-86 


157609 


62570-778 


6-3008 


3-4114 


39-8 


125-04 


1244-10 


1584-04 


63044-792 


6-3087 


3-4142 


39-9 


125-35 


1250-86 


1592-01 


63521-199 


6-3166 


3-4171 


40-0 


125-66 


1264-64 


1600-00 


64000-000 


6-3245 


3-4200 


40-1 


125-98 


1293-93 


1608-01 


64481-201 


6-3325 


3-4228 


40-2 


126-29 


1223-23 


1616-04 


64964-808 


6-3404 


3-4256 


40-3 


126-61 


1256-56 


1624-09 


65450-827 


6-3482 


3-4285 


40-4 


126-92 


1297-90 


163216 


65939-264 


6-3561 


3-4313 


40-5 


127-23 


1288-25 


1640-25 


66430-126 


6-3639 


3-4341 


40-6 


127-55 


1294-62 


1648-36 


66923-416 


6-3718 


3-4370 


40-7 


127-86 


1301-00 


1656-49 


67419-143 


6-3796 


3-4398 


40-8 


128-18 ' 


1307-41 


1664-64 


67911-312 


6-3875 


3-4426 


40-9 


128-49 


1313-82 


1672-81 


68417-929 


6-3953 


3-4454 


41-0 


128-81 


1320-25 


1681-00 


68921-000 


6-4031 


3-4482 


411 


12912 


1326-70 


1689-21 


69426-531 


6-4109 


3-4510 


41-2 


129-43 


1333-17 


1697-44 


69934-528 


6-4187 


3-4538 


41-3 


129-75 


1339-65 


1705-69 


70444-997 


6-4265 


3-4566 


41-4 


130-06 


1346-14 


1713-96 


70957-944 


6-4343 


3-4594 


41-5 


130-38 


1352-65 


1722-25 


71473-375 


6-4421 


3-4622 


41-6 


130-69 


1359-18 


1730-56 


71991-296 


6-4498 


3-4650 


41-7 


131-00 


1365-72 


1738-89 


72511-719 


6-4575 


3-4677 


41-8 


131-32 


1372-28 


1747-24 


73034-632 


6-4653 


3-4705 


41-9 


131-63 


1378-85 


1755-61 


73560-059 


6-4730 


3-4733 


42-0 


131-95 


1385-44 


1764-00 


74088-000 


6-4807 


3-4760 


42-1 


132-26 


1392-05 


1772-41 


74618-461 


6-4884 


3-4788 


42-2 


132-58 


1398-67 


1780-84 


75151-448 


6-4961 


3-4815 
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TABLE 27.— MATHEMATICAL TABLES.-^Continued. 
Circumference and area of circles, squares, cubes, square and cube roots. 





vn 


n« 










n 


O 


w 
4 
• 


n> 


n» 


Vn 


M 


42-3 


132-89 


1405-31 


1789-29 


75686-967 


6-5038 


8-4843 


424 


133-20 


1411-96 


1797-76 


76225-024 


6-5115 


3-4870 


42-5 


133-52 


1418-63 


1806-25 


76765-625 


6-5192 


8-4898 


42-6 


133-83 


1425-31 


1814-76 


77808-776 


6-5268 


8-4925 


42-7 


134-15 


1432-01 


1823-29 


77854-488 


6-5845 


8-4952 


42-8 


134-46 


1438-72 


1831-84 


78402-752 


6-5422 


8-4980 


42-9 


134-77 


1445-45 


1840-41 


78958-589 


6-5498 


8-5007 


43-0 


135-09 


1452-20 


1849-00 


79507-000 


6-5574 


8-5034 


431 


135-40 


1458-96 


1857-61 


80062-991 


6-5651 


8-5061 


43-2 


135-72 


1465-74 


1866-24 


80621-568 


6-5727 


8-5088 


43-3 


136-03 


1472-54 


1874-89 


81182-737 


6-5803 


8-5115 


43-4 


136-35 


1479-34 


1883-56 


81746-504 


6-5879 


8-5142 


43-5 


136-66 


1486-17 


1892-25 


82312-875 


6-5954 


8-5169 


43-6 


136-97 


1498-01 


1900-96 


82881-856 


6-6080 


3-5196 


43-7 


137-29 


1499-87 


1909-69 


83458-453 


6-6106 


3-5228 


43-8 


137-60 


1506-74 


1918-44 


84027-672 


6-6182 


8-5250 


43-9 


137-92 


1513-63 


1927-21 


84604-519 


6-6257 


8-5277 


440 


188-23 


1520-53 


193600 


85184-000 


6-6333 


8-5803 


441 


138-54 


1527-45 


1944-81 


85766-121 


6-6408 


8-5830 


44-2 


138-86 


1534-30 


1953-64 


86350-888 


6-6488 


8-5857 


44-3 


139-17 


1541-84 


1962-49 


86938-307 


6-6558 


3-5384 


44-4 


139-49 


1541-30 


1971-36 


87528-384 


6-6688 


3-5410 


44-5 


139-80 


1555-28 


1980-25 


88121-125 


6-6708 


8-5437 


44-6 


140-12 


1562-28 


1989-16 


88716-536 


6-6788 


3-5463 


44-7 


140-43 


1569-30 


1998-09 


89314-623 


6-6858 


3-5490 


44-8 


140-74 


1576-33 


2007-04 


89915-392 


6-6933 


3-5516 


44-9 


141-06 


1583-37 


2016-01 


90518-849 


6-7007 


3-5548 


45-0 


141-37 


1590-43 


2025-00 


91125-000 


6-7082 


8-5569 


45*1 


141-69 


1597-51 


2034-01 


91733-851 


6-7156 


3-5595 


45-2 


142-00 


1604-60 


2043-04 


92345-408 


6-7231 


3-5621 


45-3 


142-31 


1611-71 


2052-09 


92959-677 


6-7305 


3-5648 


45-4 


142-63 


1618-83 


2061-16 


93576-664 


6-7379 


3-5674 


45-5 


142-94 


1625-97 


2070-25 


94196-375 


6-7454 


3-5700 


45-6 


143-26 


1638-13 


2079-86 


94818-816 


6-7528 


8-5726 


45-7 


143-57 


1640-30 


2088-49 


95443-993 


6-7602 


8-5752 


45-8 


143-88 


1647-48 


2097-64 


96071-912 


6-7676 


3-5778 


45-9 


144-20 


1654-6S 


2106-81 


96702-579 


6-7749 


3-5805 
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TABLE 27.— MATHEMATICAL TABLES.— Continued. 
Circamference and area of circlea, squares, cubes, square and cube roots. 



n 


vn 


4 
• 


n» 


n« 


Vn 


?'n 




O 










460 


144-51 


1661-90 


2116-00 


97336-000 


6-7823 


3-5830 


46-1 


144-83 


1669-14 


2125-21 


97972-181 


6-7897 


3-5856 


46-2 


145-14 


1676-39 


2134-44 


98611-128 


6-7971 


8-5882 


46-3 


145-46 


1683-05 


2143-69 


99252-847 


6-8044 


8-5908 


46-4 


145-77 


1690-93 


2152-96 


99897-344 


6-8117 


3-5934 


46-5 


146-08 


1698-23 


2162-25 


100544-625 


6-8191 


3-5960 


46-6 


146-40 


1705-54 


2171-56 


101194-696 


6-8-204 


3-59S6 


46-7 


146-71 


1712-87 


2180-89 


101847-563 


6-8337 


3-6011 


46-8 


14703 


1720-21 


2190-24 ■ 


102503-232 


6-8410 


3-6037 


46-9 


H7-34 

1 


1727-57 


2199-61 


103161-709 


6-8484 


3-6063 


47-0 


147-65 


1734-94 


2209-00 


103823-000 


6-8556 


3-6088 


47-1 


147-97 


1742-34 


2218-41 


104487-111 


6-8629 


3-61U 


47-2 


148-28 


1749-74 


2-227-84 


105154-048 


6-8702 


3-6139 


47-3 


148-60 


1757-16 


2237-29 


105823-817 


6-8775 


3-6165 


47-4 


148-91 


1764-60 


2246-76 


106496-424 


6-8847 


3-6190 


47-5 


149-23 


1772-05 


2256-25 


107171-875 


6-8920 


8-6216 


47-6 


149-54 


1779-52 


2265-76 


107850-176 


6-8993 


3-6241 


47-7 


149-85 


1787-01 


2275-29 


108531-333 


6-9065 


3-6267 


47-8 


150-17 


1794-51 


2284-84 


109215-352 


6-9137 


8-6292 


47-9 


150-48 


1802-03 


2294-41 


109902-239 


6-9-209 


3-6317 


480 


150-80 


1809-56 


2304-00 


110592-000 


6-9282 


3-6342 


48-1 


151-11 


1817-11 


2313-61 


111284-641 


6-9354 


3-6368 


48-2 


151-42 


1824-67 


23-23-24 


111980-168 


6-9426 


3-6393 


48-3 


151-74 


1832-25 


2332-89 


112678-587 


6-9498 


3-6418 


48-4 


152-05 


1839-84 


2342-56 


113379-904 


6-9570 


3-6443 


48-5 


152-37 


1847-45 


2352-25 


114084-125 


6-96^2 


3-6468 


48-6 


152-68 


1855-08 


2861-96 


114791-256 


6-9714 


3-6493 


48-7 


153-00 


1862-72 


2371-69 


115501-303 


6-9785 


3-6518 


48-8 


153-31 


1870-38 


23S1-44 


116214-272 


6-9857 


3-6543 


48-9 


153-G2 


1878-05 


2391-21 


116930-169 


6-9928 


3-6568 


49-0 


153-94 


1885-74 


2401-00 


117649-000 


7-0000 


3-6593 


49-1 


154-25 


1893-45 


2410-81 


118370-771 


7-0071 


3-6)18 


49-2 


154-57 


1901-17 


24-20-64 


119095-488 


7-0143 


3-6613 


49-3 


154-88 


1908-90 


2430-49 


119823-157 


7-0214 


3-6668 


49-4 


155-19 


1916-65 


2440-36 


120553-784 


7-0285 


3-6692 


49-5 


155-51 


1924-42 


2450-25 


121287-375 


7-0356 


3-6717 


49-6 


155-82 


1932-21 


24(>0-16 


1-220*23-936 


7-0127 


3-6742 


49-7 


156-14 


1940-00 


247009 


122763-473 


7-0198 


3-6767 
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TABLE 27.— MATHEMATICAL TABLES.— Coii/tii«€d. 
Gircamferenoe and area of circles, squares, cubes, square and cube rrwts. 



n 


vn 




4 
• 


n« 


«s 


Vn 


^n 


49-8 
49-9 


156*45 
156-77 


1947-82 
1955-65 


248004 
249001 


123505-992 
124251-499 


7-0569 
7-0640 


8-6791 
3-6816 


50-0 
510 
520 
53-0 
54-0 


157-08 
160-22 
163-36 
166-50 
169-64 


1963-50 
2042-82 
2123-72 
2206-19 
2290-22 


2500-00 
2601-00 
2704-00 
2809-00 
2916-00 


125000-000 
132651-000 
140608-000 
148877-000 
157464-000 


7-0711 
7-1414 
7-2111 
7-2801 
7-3485 


3-6340 
8-7084 
3-7325 
3-7563 
8-7798 


550 
560 
570 
58-0 
590 


172-78 
175-93 
179-07 
182-21 
185-35 


2375-83 
2463-01 
2551-76 
2642-08 
2733-97 


8025-00 
3136-00 
3249-00 
3364-00 
8481-00 


166375-000 
175616-000 
185193-000 
195112-000 
205379-000 


7-4162 
7-4833 
7-5498 
7-6158 
7-6S11 


3-8030 
8-8259 
3-8485 
3-8709 
3-8930 


00-0 
61-0 
020 
630 
640 


188-49 
191-63 
194-77 
197-92 
201-06 


2827-44 
2922-47 
3019-07 
8117-25 
3216-99 


8600-00 
8721-00 
3844-00 
3969-00 
4096-00 


210000-000 
226981-000 
238328-000 
250047-000 
262144-000 


7-7460 
7-8102 
7-8740 
7-9373 
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3-9149 
3-9365 
3-9579 
8-9791 
4-0000 


65-0 
66-0 
67-0 
680 
69-0 


204-20 
207-34 
210-48 
213-63 
216-77 


8318-31 
8421-20 
3525-66 
3631-69 
3739-29 


4225-00 
4356-09 
4489-00 
4624-00 
4761-00 


274625-000 
287496-000 
300763-000 
314432-000 
828509-000 


8-0628 
8-1-240 
8-1854 
8-2462 
8-3066 


4-0207 
4-0412 
4-0615 
4-0817 
4-1016 


700 
71-0 
72-0 
730 
74 


219-91 
223-05 
226-19 
229-33 
232-47 


8848-46 
3959-20 
4071-51 
4185-39 
4300-85 


4900-00 
504100 
5184-00 
53-29-00 
5476-00 


843000-000 
357911-000 
373248-000 
389017-000 
405224-000 


8-3666 
8-4261 
8-4853 
8-5440 
8-6023 


4-1213 
4-1408 
4-1602 
4-1793 
4-19b3 


75-0 
76-0 
77-0 
78-0 
79-0 


235-62 
238-76 
241-90 
245-04 
248-18 


4417-87 
4536-47 
4656-63 
4778-37 
4901-68 


5625-00 
5776-00 
5929-00 
6084-00 
6241-00 


421875-000 
438976-000 
456533-000 
474552-000 
493039-000 


8-6603 
8-7178 
8-7750 
8-8318 
8-8882 


4-2172 
4-2358 
4-2543 
4-2727 
4-2908 


80-0 
81-0 
820 

as-0 

81-0 


251-32 
254-47 
257-61 
260-75 
263-89 


5026-56 
5153-01 
5281-03 
5410-62 
5541-78 


6400-00 
6561-00 
6724-00 
6S89-00 
7056-00 


512000-000 
531441-000 
551368-000 
571787-000 
592704-000 


8-9443 
9-0000 
9-0554 
9-1104 
9-1652 


4-3089 
4-3267 
4-3445 
4-3621 
4-3795 
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TABLE 27.— MATHEMATICAL TABLES.— Continued. 
Clrcumfereiice and area of circles, Equarcs, cubes, square and cube ro^ts. 



n 


vn 

O 


fr 
4 
• 


n« 


«» 


Vn 


s.— 
VU 


85-0 


267-03 


5674-50 


7225-00 


614125-000 


9-2195 


4-3968 


ee-o 


27017 


5808-81 


7396-00 


636056000 


9-2736 


4-4140 


87-0 


273-32 


5944-69 


756900 


658503000 


9-3274 


4-4310 


88-0 


276-46 


6082-13 


7744-00 


681472-000 


9-3808 


4-4480 


89-0 


279-60 


6221*18 


7921-00 


704969-000 


9-4330 


4-4647 


9O0 


282-74 


6361-74 


8100-00 


729000-000 


9-4868 


4-4814 


91-0 


285-88 


6503-89 


8281-00 


753571-000 


9-5394 


4-4979 


92-0 


289-02 


6647-62 


8464-00 


778688-000 


9-5917 


4-5144 


93-0 


292-17 


6792-92 


8649-00 


804357-000 


9-6437 


4-5307 


94-0 


295-31 


6939-78 


8836-00 


830584-000 


9-6954 


4-5468 


95-0 


298-45 


7088-23 


9025-00 


857375-000 


9-7468 


4-5629 


96-0 


301-59 


7238-24 


9216-00 


884736-000 


9-7980 


4-5789 


97-0 


804-73 


7389-83 


9409-00 


912673-000 


9-8489 


4-5947 


98-0 


807-87 


7542-98 


9604-00 


941192-000 


9-8995 


4-6104 


99-0 


811-02 


7697-68 


9801-00 


970299-000 


9-9499 


4-6261 


lOOO 


814-16 


7854-00 


100000-00 


1000000-000 


10-0000 


4-6416 



Approximately >/a«±6= a ± ^ and va8±6=a±-^ 



TABLE 28.— FORMUL>E FOR MENSURATION OF AREAS 

AND SOLID CONTENTS. 

1. — ^Trianglb. 
Area = ^ x base x height. 

If all the side's, a, &, c are known and half their sum is represanted hy «, 
so that 8 = ^L!:|±£ then 

A= y/a (8— a) {8—b) {s—c) 

2. — Circle. 
Area of circle, if cZ = diameter r = radius and ir = 8*14159 

A = |d« = r»T..Y| = 0-7854\ 

ci = l' 12838 v/A 
Area of segment of circle of an arc of a^ 
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Or if c2 is the diameter and h the height of segment, calculate ^ and find 

a 

the value x in the following table corresponding to ^ ; multiply the square 

a 

of the diameter by x, the result is the area of the segment. 

Area of segment=aM2'. 



h 




h 




h 




h 




h '' 






• 




• 




• 




c 




X 


a 




d 
•11 




d 




d 

•31 




d 
•41 




•01 


•00133 


•04701 


•21 ' 


11990 


•20737 


•30319 


•02 


•00375 


•12 


•05838 


•22 ' 


12811 


•32 


•21667 


•42 


•31304 


•03 


•00687 


•13 


•06000 


•23 • 


13646 


•33 


•22603 


•43 


•32-293 


•04 


•01054 


•14 


•06683 


•24 < 


14495 


•34 


•23547 


•44 


•33-284 


•05 


•01468 


•15 


•07387 


•25 • 


15355 


•35 


•24498 


•45 


•34278 


•06 


•01924 


•16 


•08111 


•26 ' 


16226 


•36 


•25455 


•46 


•35274 


•07 


•02417 


•17 


•08854 


•27 • 


17109 


•37 


•26418 


•47 


•36272 


•08 


•02944 


•18 


•09613 


•28 ' 


18002 


•38 


•27386 


•48 


•37270 


•09 


•03501 


•19 


•10390 


•29 " 


18905 


•39 


•28359 


•49 


•38270 


•10 


•04087 


•20 


•11182 


•30 • 


19817 


•40 


•29337 


•50 


•39270 



8. — Cone and Pyramid. 

Solid content : S = base x height. 

o 

Area of convex surface of right cone : When »=8ide of cone= \/r* x 7t*, 
where r=radius of base and A=height of cone, the area of convex surface 
will be 

A = IT r ». 



4, — CrLINDEIU 

Area of convex surface A = 2ir r A. 
Content of cylinder S =bas3 x height. 



5. — Sphere. 

A = 4 T r* 

A = 2 TT r^, A = height of segment 

Solid content of sphere S = ^ r' ir=4^1888r^ 

o 



Convex surface 
Surface of segment 



Solid content of sphere S= ; Tc?8=0-5236i8 

6 



Badius r = 0-62035 ^content 

Content of segment of sphere ; If a is the radius of the sectional area, 7i 
the height of the segment, and r the radius of the sphere, 

S = ^irA(3««4-A*) 
6 

= ^TA2(3r-A) 
o 
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Solid content of spherical zone : If a and b are the respective radii of the 
two terminal surfaces, and h the height, 

6 



TABLE 29.— WEIGHTS AND MEASURES OF DIFFERENT 

COUNTRIES. 

1. Metric System (compulsory in France, Germany, Austria, the 
Netherlands, Belgium, Luxembourg, Switzerland, Italy, Greece, Turkey, 
Boumania, Spain, Portugal, and most of the South American Republics ; 
optional in Great Britain and the United States. 

1 metre (m.)=448-296 Paris lignes = 3-280899 English feet=3-18620 Prus- 
sian feet=l*00000801 metre des archives. 

1 kilometre (km.)=10 hectometre (hm.)=0-6214 English mile=0-1328 
Prussian mile=0*9375 Russian verst=0-5390 nautical mile=0'1347 
geographical mile (15 to 1 degree of longitude). 

1 lieue (France) =1 myriametre=10 km. 

1 German meile=7^ kin.=0-996 Prussian mile=4*66 English miles. 

1 hectare (ha.)=100 ares (a.)=10,000 qm.=0-01 qkm.=2-471 English acres. 

1 litre (l.)=0-001 cbm.=l,000 ccm.=0-2201 gallons. 

1 hectolitre (hl.)=01 cbm.=100 1.=22-01 gallons. 

1 kilogramme (k^.)=l,000 g.=weight of 1 litre of water at+4'' C.=2 Ger- 
man and Swiss pounds (zollpfund)=0*999999842 kilogramme proto- 
type=2*2046 pound avoirdu^is = 1*7857 Austrian pound = 2*3511 
Swedish pounds=2*4419 Russian pounds. 

1 granmie (g.)= 15*432 grains (English). 

1 quintal=100 kg.=196-841b. avoirdupois=lcwt. 3qr. 0-841b. 

1 metrical ton=l,000 kg.=0*9842 English ton=l*1023 American short ton 
(at 2,0001b). 

2. Gbeat Britain and Ireland. 

1 foot=0*3047943 m. 

1 inch=25*8995 mm. 

1 yard=0*9143835 m. 

1 fathom=2 yards. 

1 rod (pole, perch) =5 J yards=5-029109 m. 

1 statute mile=8 furlong8=320 poles=l,760 yards=5,280 feet=l*6093 
kilometre (km.J. 

1 nautical mile=-j>ffth degree (at the equator). 
6,082-66 feet =1854-96 m. 

1 acre=4 roods=160 poles=0*40467 ha. 

1 square mile=640 acres. 

1 gallon=4 quarts=8 pints=277*274 cubic inches=4*536 litres. 

1 cubic foot=28*3153 1. 

1 cubic inch= 16-3862 ccm. 

1 quarter =8 bushels « 32 pecks =64 gallons =2*903 hi. 

1 bushel=8 gallons=0*3628 hi. 

1 fluid ounce=5Vtli pint=28-35 ccm. 

1 pound avoirdupois (lb.)=16 ounces (oz.)=7,000 grains= 0-4535926 kg. 

1 ounce avoirdupois=437i grains =28-35 g. 

1 gallon=10 lb. water=70,000 grains. 

1 hundredweight (cwt.)=4 quarters (qr.)=8 stones=112 lb.=50*8024 kg. 
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1 ton=20 cwt.=2,240 lb.= 1016-648 kg. 

Apothecaries^ Weight 
1 pound troy =12 ounces troy =96 drams=288 scruple8=5,760 grains= 

373-24195 g. 
1 ounce troy=8 drams=24 iBcruples=480 grain8=31*1035 g. 
1 ounce troy (for gold and precious stones) =20 pennyweight (dwt.)=480 

grains. 
1 grain (common to avoirdupois and troy weight) =0-06479895 g. 

3. AusTBiA (old measures and weights now abolished for the metric system). 
1 foot=0*316102 m., at 12 inches of 12 lines each. 

8 ruthen=5 klafter=30 feet=360 zoU. 

1 meile=4,000 klafter= 7586-455 m. 

1 maass= 1*415 1. 

1 eim?r=40 maass=160 seideL 

1 metze=61-4995 1. 

1 Wiener pfund=560-012 g. 

1 centner=5 stein=100 pfund=3200 loth. 

4. Denmark and Norway employ as unit of measure the Prussian foot, as 

unit of weight the units of the metrical system, viz.. kilos, etc. 

5. Prussia (old system, now abolished for the metric system). 

1 foot (Rhenish foot;=12 zoll (inches)=144 linien=0-313853 m. 
1 ruthe=12 fuss=3-76624 m. 
1 lachter (fathom)=80 zoll=2-09326 m. 
1 meile=24,000 fuss=7,532-5 m. 
1 morgen=180 square ruthen=0*2553 ha. 
1 quart=64 cubic inches=5», cubic foot= 1*14503 L 
1 scheffel=16 Metzen=48 quarts=0*54961 hi. 
1 tonne=4 scheffel=2*19846 hi. 
1 klafter=108 cubic fuss=3-3389 cbm. 
1 schachtruthe=144 cubic fuss=4-4519 cbm. 
1 pfund=30 loth=800 quentchen=500 g. 

lcentner=100 pfund=50 kg. (Formerly 1 pfund=32 loth=467*711 g; 
1 centner =110 pfimd.) 

6. BussiA. 

1 foot=l English foot. 

1 sashehn=7 feet=3 arshin=12 tchetvert=48 vershok=2- 13357 m. 

1 verst=500 sashehn= 1066-78 m. 

1 dessatine=2400 square sashehns= 10925 m. 

1 vedro=10 krushky (stoof)= 12-299 1. 

1 tchetvert=l os3iini=4 payok=8 tchetverik= 209*9 1. 

1 pound=32 loth=96 solotnik=9216 doli=0*9028 Eng. lb.=409-531 g. 

1 b3rkovets=10 pud=400 pounds= 163-81 kg. 

1 pud=40 pounds=36-112 Eng. lbs.=16-3805 kg. 

7 Sweden 

' 1 foot =10 zoll (inches)=100 lines=0-97408 Eng. foot =0*296901 m. * 
1 famn (fathom)=3 alnar (ells)=6 feet=5-58445 Eng. feet= 1*7814 m. 
1 mile=6000 fathoms=6*6417 Eng. statute miles=10*6884 km. 
1 kanne=100 cubic inches =0*57694 Eng. gallon=2*617 1. 
1 skalpund=100 kom (at 100 art)=0*9378 Eng. lb.=425*3395 g. 
1 centner=100 skalpund. 
1 skipspund=20 liespund=400 skalpund. 
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8. Switzerland. Metrical measure and weight. Sometimes there is still 

employed : 
1 fuss=0-3000 m.=0-9843 Eng. ft. 
1 juchart=36 are=0*88956 Eng. acre. 
1 maass=l*51 1. 
1 saiim=100 maass=151 1. 

9. United States. Weights and measures as in Great Britain, but along- 

side the " long ton " (gross ton) of 2,240 lbs. more frequently the 
" short ton " (net ton) of 2,000 lbs.=907-1852 kg.=0-89285 long ton is 
employed. 



S:2UARE Feet, Square Metre. 
1 square metre (qm.)=10-764 square feet (English and Eussian)= 10-008 
square feet (Austrian) =10-152 square feet (Prussian and Danish) = 
11-344 square feet (Swedish). 
1 square foot (English and Bussian)= 0-09290 square metre. 

Cubic Feet, Cubic Metre. 
1 cubic metre (cbm.)=35-316 cubic feet (English and Russian). 
1 „ „ =31-66 „ (Austrian). 

1 ,. „ =32-346 „ (Prussian and Danish). 

1 „ „ =38-209 „ (Swedish). 

1 cubic foot (English and Russian) =0*028315 cubic metre. 

1 Kilogramme per Running Metrr 
=0-6719 English pound per running foot, 
=0*6277 zollpfund per Prussian foot. 

1 Kilogramme per Square Centimetre. 
(for steam pressure) 
=14-233 English pounds per square inch. 
=13-681 zoUpfuna per Prussian square inch. 
=13-878 zollpfund per Austrian square inch. 

Horse Powers (per second). 



kg-ra. 


Austria, 
foot-pounds. 


Prussia, 
foot-pounds. 


England, 
foot-pounds. 


Sw^eden. 
fvK>t pouuds. 


R i9sia. 
foot-pounds. 


75 
76041 


474-53 
481-11 


477-93 
484-56 


542-47 
550 


593-90 
602-14 


600-85 
609-19 



75 kilogram-metres taken as unit. 
550 English foot-pomids taken as unit. 

=1 Admiralty horse power per second ; 
or, 83,000 foot-pounds per minute. 



^^V "^H 


r~ 




ENG 


LISH 


CUBIC 


FEET 


= CUBIC METRES 

B „ 1 , 




1 


■ 


00000 


00233 


0566 


00819 


0-1133 


0-1416 


0-1699 


0-1982 


0-2283 


;ij 


1 10 


0-2832 


0-3UB 




0-3G81 


0-3964 


0-4247 


0-4530 


0-4814 


0-6097 


0-6388 ■ 


1 20 


5GG3 


0-5946 


0-6229 


0-6613 


0-6796 


0-7079 


0-7862 


0-7646 


0-792S 


0-83U V 


f 30 


O'818-l 


0-8773 


0-9061 


0-9344 


0-9637 


0-9910 


1-0191 


1-W7 


1-0760 


1-104B ^ 


1 40 


1-1336 


1-1609 


1-1392 


1-2176 


1-3459 


1-2743 


1-3026 


1-3308 


1-3591 


1-8876 


60 


1-4158 


1-4441 


1-4724 


1-6007 


1-6290 


1-6573 


1-5857 


1-6140 


1-6423 


1-8706 


60 


1-6989 


1-7272 


1-765B 


1-7339 


1-8123 


1-S«)5 




1-8971 


1-9254 


1-9638 


70 


1-9821 


3-0104 


3-0397 


2-0670 


3-0953 


2-1236 


2-1520 


2-1803 


3-3038 


33369 _ 


80 


a-26S2 


2-2936 


2-3219 


2-3503 


3-3785 


2-4053 


2-4351 


2-4631 


3-4917 


3-5201 ■ 


90 


2-5181 


2-5767 


2-6050 


2-6333 


2-6616 


a-6900 


2-7183 


3-7166 


2-7749 


28033 -'S 


EiVGLISH CUBIC INCHES = CUBIC CENTIMETEEi ■ 





00000 


lB-3Sa 


33-773 


49-159 


65-515 


31-931 




98-317 


1 
114-70 


a 
131-09 


147-4S 


10 


163-36 


180-25 


196-63 


213-02 


239-41 


216-79 


363-18 


278-56 


294-95 


8U-U' 


20 


327-73 


344-11 


360-60 


876-88 


393-27 


409-66 


138-04 


413-43 


458-81 


Vh» 


30 


'191-59 


507-97 


634-38 


m-7i 


55713 


573-62 


689-90 


606-29 


623-67 


6SB-09 


40 


66B-45 


671-83 


688-22 


704-81 


720-99 


737-88 


763-76 


770-16 


786-64 


803-93 


BO 


819-31 


835-69 


85208 


868-47 


831-85 


901-34 


917-63 


934-01 


950-40 


966-78 


fiO 


933-17 


999-60 


1015-y 


1033-3 


HHa-7 


1005-1 


ioai-6 


1097-9 


1114-3 


llSOit 


70 


1147-0 


1163-4 


1179-8 


1196-2 


1212-6 


12390 


1245-3 


1361-7 


1273-1 


129W 




1310-9 


1327-3 


1313-7 


1360-1 


1376-4 


1393-3 


1409-2 


1425-6 


1440-9 


1458-* 


90 


1174-8 


1491-1 


1507-5 


1623-9 


1510-3 


1556-7 


1673-1 


1589-5 


1603-8 


1633'S 


I 




Et 


JGLISH POU 


T*DS = 


KILO 


JRAM 


UES, 




_ 


— 


0-0000 


0-4636 


0-9073 


1-3608 


1-8144 


2-2680 


3-7316 


31761 


3-6337 


40928 


10 


4-3359 


4-989B 


5-4431 


6-3967 


6-850S 


6-8039 


7-2575 


7-7111 


8-1647 


8-6181 


20 


9-0719 


9-6264 


9 9790 


10-133 


10-886 


11-340 


11-793 


12-217 


13-701 


13'16t 


SO 


13-608 


14061 


14-515 


14-969 


16-422 


15-878 


16-339 


16-783 


17-337 


17-600 


40 


18-144 


18-607 


19-051 


19-504 


19-958 


20-412 


30-865 


31-319 


21-772 


23-238 


60 


22'68Q 


23-133 


23-687 


24-010 


24-494 


B4-948 


25-401 


35-366 


26 308 


36-7flS 


m 


27-216 


27-669 


83-123 38-576 


29-030 


29-484 


29-937 


30-391 


30 841 


31-29« 


70 


31-761 


32-205 


33-659 33-113 


33-666 


31-019 


34-473 


34-927 


35-380 


35-831 




3fi237 




37-195 87-648 


38-102 


38-555 


39-009 


39-463 


39918 


40-370 


90 40-823 


41-2:7 


41-781 42-181 


42-633 43091 


43-515 


43 998 


41-153 


44-906 


L. J 



79 



ENGLISH TONS = KILOGRAMMEa 
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80 


81285 


82302 


83317 


84333 


85346 


86366 


87382 


88398 


89414 


90430 


90 


91446 


92246 


93478 


94494 


95510 


96526 


97542 


98558 


99574 


i0{)o9a 



ENGLISH GBAINS = GRAMMES. 



Grain'. 





1 


2 


3 


4 


6 


6 


7 


8 


9 


_ 





•065 


•129C 


•194 


-259 


•324 


•389 


-454 


•518 


-583 


10 


•648 


•713 


778 


•842 


•907 


•972 


1-037 


1102 


1166 


1-231 


20 


1-296 


1-361 


1-426 


1-490 


l'5o5 


1-620 


1-685 


1-749 


1-814 


1-879 


30 


1-944 


2009 


2074 


2-138 


2-203 


2-268 


2-333 


2-397 


2462 


2-527 


40 


2-592 


2-657 


2-721 


2-786 


2-851 


2-916 


2-981 


3045 


3-110 


3175 


50 


3-240 


3^305 


3-369 


3434 


3-499 


3-564 


3-629 


3-693 


3-758 


3-823 


60 


3-888 


3-953 


4-018 


4082 


4-147 


4-212 


4-277 


4-341 


4-406 


4-471 


70 


4-536 


4-601 


4666 


4-730 


4-795 


4-860 


4925 


4-989 


5 054 


5119 


80 


5-184 


5-249 


5-314 


5-378 


5-443 


5-508 


5-573 


5 637 


5-702 


5-767 


90 


5-832 


5-897 


5-962 


6-026 


6091 


6156 


6-221 


6-286 


6-350 


6-415 



GRAMMES = ENGLISH GRAINS. 



i 

a 
s 

9 





•1 


•3 


•3 


•4 


•6 


•6 


•7 


•8 


•9 








1-543 


3086 


4629 


6172 


7-716 


9-259 


10-802 


12345 


13-608 


1 


15-432 


16-975 


18-518 


20061 


21-604 


23-148 


24-691 


26-234 


27-777 


29-3 wd 


2 


30-8&4 


32-407 


33 950 


35-493 37036 138 580 


40-123 


41-666 


43-209 


44-752 


3 


46 296 


47-839 


49 382 


50-925 52-468 1 54012 


55-555 


57098 


68-641 


60-ia4 


4 


61-728 


63-271 


64-814 


66-375 67-900 ; 69-444 


70-987 


72-530 


74073 


75-616 


5 


77160 


78-703 


80-243 


81-789 83-332 ' 84-876 

1 


86-419 


87962 89-505 


91-048 



80 



TABLE 31.— WEIGHT OF SHEET METALS. 
WEIGHT OF A SUPERFICIAL FOOT. 



Thick- 
nesa. 


Wronpr^t 
Ii-on. 


Cast 
Iron. 


Steel. 


Copper. 


Brass. 


Lead. 


Zinc. . 


Inches. 


Lb. 


Lb. 


Lb. 


Lb. 


Lb. 


Lb. 


Lb. 


i»if 


2-53 


2-34 


2-55 


2-89 


2-78 


8-71 


2-34 


i 


5-05 


4-69 


5-10 


5-78 


5-47 


7-42 


4-69 


i 


7-58 


7-03 


7-66 


8-67 


8-20 


11-18 


7-03 


10-10 


9-38 


10-21 


11-76 


10-94 


14-83 


9-38 


4 

8 

T6 


12-63 


11-72 


12-76 


14-45 


13-67 


18-54 


11-72 


i 


1516 


14-06 


15-31 


17-34 


16-41 


22-25 


14-06 


tV 


17-68 


16-41 


17-87 


20-23 


19-14 


25-96 


16-41 


i 


20-21 


18-75 


20-42 


23-13 


21-88 


29-67 


18-75 


tW 


22-73 


21-09 


22-97 


26-02 


24-61 


33-33 


21-09 


1 6 

1 


25-27 


23-44 


25-52 


28-91 


27-3i 


37-08 


23-44 


U 


27-79 


25-78 


28-07 


81-80 


80-08 


40-79 


25-78 


1 


30-31 


28-13 


30-63 


34-69 


82-81 


44-50 


28-13 


H 


82-84 


30-47 


33-18 


37-58 


35-55 


48-21 


30-47 


i 


35-87 


32-81 


35-73 


40-47 


38-28 


51-92 


32-81 


n 

4-5 


87-90 


35-16 


88-28 


43-36 


41-02 


55-63 


35-16 


1 


40-42 


37-50 


4083 


46-25 


43-75 


59-33 


37-50 



TABLE 32.— COINAGE OF DIFFERENT COUNTRIES. 



Austria — 

1 Vereins Thaler (=1 former Prussian Thaler) 

1 Gulden=100 Neukreuzer 

1 Maria Theresia Thaler 

1 Dukaten 

4 Gulden Gold=10 Francs ; 8 Gulden Gold=20 Francs 
BELGiUM=France. 
Brazil — 

1 Milreis=l,000 Eeales 

Chili — 

1 Peso=100 Centavos 

TJ'R'WM' a R TT-^— 

1 Eigsbankdaler=6 Marks=90 Skillings 

1 Krone=100 Oere 

East India — 

1 Rupee=16 Annas 

Egypt — 

1 Bag of Gold=30,000 Piastres 

1 Piastre=40 Para 



Exact Valae in 



£ 
















273 





s. 
2 
1 
4 
9 



2 

8 

2 
1 



2 





d. 

11-24 

11-49 

1-46 

4-78 



3-48 

11-58 

2-67 
0-83 



10 
2-5 
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TABLE 32.-COINAGE OF DIFFERENT COUNTRIES.— Cow^mweei. 



France — 

1 Franc=100 Centimes 

The 20-Franc piece contains 5*8065 g. fine gold 

The 5-Franc piece contains 22*5 g. fine silver 

German Empire — 

1 Mark=100 Pfennig 

The 20-Mark piece contains 7*1685 g. fine gold 

The 5-Mark piece contains 25 g. fine'silver 

Great Britain — 

1 Pound Sterling contains 7*3224 g. fine gold 

1 Shilling contains 5*231 grms. fine silver 

Greece — 

1 Drachraa=100 Lepta=l Franc (=France) 

Italy — 

1 Lira=l Franc (=France) 

Japan — 

1 Silver Itzebue=100 Cents 

1 Gold Yen 

1 Silver Yen=100 Sen 

Mexico — 

1 Piastre (Peso. Mexican Dollar)=8Ileales= 100 Cents 

1 Doblon=16 Piastres 

Netherlands — 

1 Guilder=100 Cents 

1 Willemsd'Or 

1 Ducat 

Norway — 

1 Krone=100 Oere 

1 Species DaleT=120 Skillings 

Persia — 

1 Toman=10 Keran 

1 Rupee Silver 

Peru — 

1 Sol (Peso)=10 Dineros=100 Centavos 

Portugal — 

1 Milreis (in accounts) ', 

1 Milreis (silver) 

1 Tostao=100 Reis 

ROUMANIA — 

1 Piastre=l Franc (France) 

Russia — 

1 Silver Rouble=100 Kopeks 

1 Half-Iniperial=5 Rouble Gold=5-9987 g. fine gold 

1 Paper Rouble « 

Sekvia — 

1 Dinar=l Franc (=France) 

Spain — 

1 Pe89ta=l Franc (=France) 

1 Duro (Spanish Dollar)=2 Escudos=5 Pesetas=20 

Beales 

Sweden — 

1 Kronor= 100 Oere „ 



Kxa 
£ 





ctVal 

s. 



15 

3 







19 


1 




1 



















1 
4 
4 



3 


4 
8 







1 

16 
9 






1 
4 






9 
1 





3 







4 
4 














3 

16 

2 

















8 





1 



aem 
d. 

9*516 
10*31 
11*58 

11748 
6*96 






9*516 

9*516 

7 
1 
3*3 

3*5 

8 

8 

6*4 

4*5 

0*83 
5*43 

0*31 
6*2 

11*58 

6-75 
0*46 
4*8 

9*516 

2*06 
4*61 
7*7 

9*516 

9*516 

11-58 

0-8P 



a 
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TABLE 32.-COmAGE OF DIPFEEENT COXmTUIES.— Continued, 



Switzerland's France. 
Turkey — 

1 Piastre=40 Para=120 Asper 

1 Turkish Pound (Yuslik) 

United States — 

1 Dollar=10 Dimes=100 Cents 

1 Eagle=10 Dollars= 15-0463 g. fine gold. 



Exact Val 


£ 


s. 











18 





4 


2 


1 



d. 

21 
1 

1-15 
1-16 



TABLE 33.-AIR-COMPRESSION. 

The following table is compiled with a view to facilitate calculations of 
problems connected with the application of compressed gases. The table 
is strictly correct for air only, but is applicable also to other gases, such as 
lime-kiln gases. The table relates to 1 cub. foot of atmospheric air measui-ed 
at 60° F. and 29*92 inches barometric pressure, and shows the volume, 
temperature and pressure after adiabatic compression ; also the height of 
a column of water which the compressed gas will just balance, and the 
power required to compress the air in foot-pounds (33,000 f t.-lbs. per minute 
=1 indicated horse power), and the mean pressure on the air piston. 



Pinal Pressure 
lbs. persq.in. 

above 

Atmosphere. 

lbs. 


Column of 

Water 

the gas will 

balance. 

feet. 


Volnme of 

compressed 

Air. 

cub. feet. 


Temperature 

after 

compression. 

F." 


Mean 
pressare on 

piston, 
lbs. persq.in. 


Foot-pounds 

of 

work per 

cub. foot 

atmosph. air. 


10' 


23-12 


0-692 


144-5 


8-23 


1186-3 


12 


27-75 


•655 


158-1 


9-58 


1387 


14 


32-37 


•622 


171-0 


10-86 


1564 


16 


37-00 


•593 


184-0 


12-08 


1739 


18 


41-62 


•567 


196-0 


13-23 


1907 


20 


46-25 


•544 


207-3 


14-35 


2066 


22 


50-87 


•523 


218-3 


15-42 


2220 


24 


.55-50 


•504 


228-6 


13-45 


2363 


26 


60-12 


•486 


239-0 


17-43 


2510 


28 


64-75 


•469 


249-0 


18-39 


2647 


30 


69-37 


•454 


258-2 


19-32 


2782 


32 


74-00 


•440 


267-5 


20-21 


2910 


34 


78-62 


•428 


276-4 


21-07 


3034 


36 


83-25 


•416 


285-3 


21-92 


3156 


38 


87-87 


•404 


293-5 


22-74 


3275 


40 


92-50 


•394 


301-8 


23-53 


3389 
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1.- FUEL AND FURNACES. 
A.— FUEL. 

Should be tested in the case of lignite, peat, coal, coke. Befer to the 
Appendix as to sampling. 

1. Moisture. — Heat 100 to 200 grms. of coal to lOS** C. (not above), for two 
hours, preventing access of air as much as possible. At a higher tempera- 
ture the result might be too high, owing to escape of volatile matters, or too 
low, owing to a partial oxidation. The moisture sample should be broken 
up quickly into pieces not smaller than a bean, otherwise too much water 
would evaporate during the process. Lignite and peat are heated to 100°C. 
for five or six hours, and repeatedly weighed, till no further diminution of 
weight takes place. Coke is heated to 110** C. for two hours. 

2. Residual Coke {Fixed Carbon), — One grm. of finely-powdered coal is 
placed in a platinum crucible at least IJin. deep, provided with a tightly 
fitting cover. The crucible should then be heated by means of an ordmary 
Bunseu' burner, the flame of which should not be less than 7 in. high. The 
crucible should be supported on a triangle of thin wire, and it should be so 
placed that the space between the bottom and the top of the burner is not 
more than IJ in. The heating ought not to last longer than a few minutes, 
but must be continued as long as any appreciable quantity of inflammable 
matter escapes. If the flame be smaller, or the .crucible be supported by a 




Fig. 1. 

stout wire triangle, the yield of coke will be too high. The results should 
always be calculated upon coal or coke free from ash, in order to render them 
comparative. Good coal for reverberatory furnaces should yield from 60 to 
70 per cent, of coke. 

8. Ash, — This estimation is very simple for lignite or peat ; coke requires 
a very high temperature ; coal which cakes presents most difficulties. The 
latter must be powdered very finely, and heated up gradually, so that the 
volatile matters may escape before the powder can form a cake. If an 
analysis is only occasionally required^ 1 to 3 grms. of finely-ground coal is 
heated in a platinum crucible, which is fitted in a hole into a stoneware slab, 
or better, in asbestos board. (Fig. 1.) This is placed in a slanting pnosition 
on a tripod stand. The slab serves to separate the air required for oxidation 
from the gases of the burner, and greatly hastens the combustion, which is 
thus completed in two hours, whereas without the slab it frequently re- 
mains incomplete even after 8 or 10 hours' heating. It is not advisable to use 
a blow-pipe, because the chance of mechanical loss is thereby greatly in- 




b6 

creased. If detenninations have to be made frequently, it is preteraWe ta 1 
efitet the combustion La a muffle furnace, or still more quicklj* in a platuiuin 
boat placed in a, healed porcelain tube, tbrougli which a current of osygen 
ia passed. When nsing the latter, the coal or cote should be broken in 
Email pieces, and not ground fine, or else the ojiygen does not come suffl- 
citaitly into contact with the lower strata. 

B.— FUnXACES. 

L Chimney l7oje»,— In these, COj„ O, CO, and N (the latter by difference) 
are most coiiTeiiiently estimated by means of Orsat'a apparatus, consisting 
of a eas burette divided into 100 cub. eentim., from which the gas can l« 
forced by raising a water bottle connected by an indiaiubber tube with the 
lower end of the burettes into three separata U-tubes, closed by glass taps 
at one end and open to the atmosphere, or preferably closed by a tiiin india- 
cubber ball at the other end. These IJ-tubes are filled with different ab- 
sorbing reagents ; foT COi with solution of caustic potash, of spec. grav. 
1'20 — 1'29 ; for O with Tery thin Eticks of phosphorus, obtained by sucking 
phosphorus, melted under water, into a glass tube ^in. wide, or with very 
Bmatl and irregular pieces of phosphorus obtained by shaking up meltM. 
phosphorus under water — the whole to be always kept under water, pro- 
tected from light, from any tarry matters, etc., and never to be employed 
below a temperature of 18° C. (if the temperature of the working room is 
below this, the absorption is too slow, but can be started at once by cau- 
tiously warming the tube with a spirit flame). For CO serves a mixture of 
10 grms. cuprio chloride, 90 cub. cent, concentrated hydrochloric acid, 20 
cub. cent, of water, and sheet copper BufBcient to reduce it, the whole 
bmoght together at least 2j houis before using it. This reagent also ab- 
sorbs an^ ethylene present, which would thoa be estimated as CO \ but tliia 
is quite immaterial in chimney gases, in which it is usually quite sufficient 
to estimate only the COj. It should be frequently renewed,* 

a. Gai/rom Producen [GeHerc(ars).— As a rule only COj and CO are 
estimated by means of Orsat's apparatus (see preceding paragraph). Any 
CfHt present would be absorbed and eatimatwl together with the CO. H 
can be estimated iu the residue by mixing it with a measured volume of 
air, and passing the mixture over gently-heated platinum or palladium 
asbestos,f most conveniently in Lunge'a modification of Orsat's apparatus, 
fitted with a capillary tube for receiving the asbeatoa, a small spirit lamp 
turning on a pivot, and an extra U-tube filled with water, into which the 
gas is forced through the capillary tube containing the asbestos, and from 
which it is drawn bach again into the gas burette. The gas freed from 
C0|, CO, C-H4. and from O, if present, is mixed with as much air as the gaa 
burette wiU aiiimit of. This will sufGce for a quantity of hydrogen corres- 
ponding to ,'q of the employed volume of air (i.e., twice the volume of 
oxygen contained in that air). If more H be present, which will only occur 
with " water gas," either less than 100 cem. of gas must be employed at the 

• A fonnn'a tir calealAting (bsefBracncy nf fire-plu»« tram salimatloiu ot ihe percentass 

t This can booblal'ned roartj imde from MawBon t Swmi, n Sowosetle-OQ-Tyne, or ia pro- 
— '"---■-' ' — ■■■— '- -"'mg soft BsbwtoBln aBlrong mlnlion of platinnm or 
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t for the analyBes, or the residual gas is mixed with oxygen 
instead of with air. The capillary tube is heated very gently and the 
gaseous mistare is quickly passed once throngh it and back again, when 
one end of the platinum asbestos shonld become red hot. The residual gas 
is measQred once more, and } of the diminution in volume calculated as 
hydrogen. If methane (marsh gas, CH.) is to be estimated, the residue from 
the last operation is mixed with more air and burnt by means of an eleotrie- 
all^-fflowmg palladium or platinum wire, enclosed in a capillary tube. If a 
capillary platinum tube is employed, filled with a few platinum wires, so 
as to leave a very small apace for the gases to pass through, the electric 
heating may be replaced by a broad gas flame, producing a strong red 

9. Speed of Draught. — A convenient apparatus for measuring this in 
chemical works, where any fine mechanism would soon be ruined, is 
Fletcher's anemometer, based upon the movement of a column of ether in a 
U;tube (described in''Lunge'sSulphuricAcidand Alkali,"!. 380; I1I.,8elj. 
Pig. 2 shows this in the simpler form, leaving out the microscopes, which 




are quite unnecessary for reading the divisions of the scale or the vernier. 
The ends of the glass tubes a 6 should be placed rather less than one-sixth 
of the diameter of the flue from its inner wall. The straight end of a ought 
to be as exactly parallel as possible to the direction of the draughts; the 
end of b ought to be exactly at a right angle to this, and so that the 
current would blow into it. Without this precaution a mistake is made, 
which is avoided by the arrangement shown in Fig. 8, and proposed by 
Hurt«r, viz., employing tubes with ends bent in opposite directions. Thetub^ 
a b communicate with the ether tube c d ; the draught causes the ether to 
rise in a by aspiration, to fall in b by the pressure of the air blowing into 
the tube. The difference of level between c and d is read off by means of 
the scale and vernier. Now the sliding disc t is turned ISCr, whereby 
the currents are reversed. There will now be a, difference of levels in the 
opposite direction, but equal in amount to the first, if the observation is 
correct. The earn of these two differences is meant by the "anemom„tor 
readings " in the tables. 



icli scale and for those cfh the nieti'ical sciile. 
o.— TABLE TO SHOW THE SPEED OF CURRENTS OF AIR, 



tnemo- 












Anprao- 


Speed 




































eocond. 






inches. 


Becond. 






■01 


2-855 


■10 


11-43 


■33 


16-15 


■ss 


S7-8S 


■02 


i-ms 


-17 


H-77 


■34 


16-65 


i-o« 


23-55 






■18 




■36 


17-13 


1-25 






b;io 


■19 


1245 








81U7 


■05 


6-381 


■BO 


12-77 


■40 


18-06 


175 


37-77 


■06 


6im 


■21 


1308 


■45 


19-15 


a-oo 


40-37 






£3 


13-39 


■50 


ao-18 






















■ou 


8565 


■24 


13-U9 


■CO 


22-13 








9U28 


■85 


142S 


a 


23-ua 


... 


... 


■il 


e'4C9 


■2G 


1456 


-70 


23-89 








9 8yi 


■27 


H-S4 


■75 


24 73 








111-29 




15-11 




25 51 










-29 


15-88 


■85 


2B33 






-15 


irufl 


■30 


15-64 


■90 


27-U3 




- 









B.— HEADINGS IN MILLIMETEES. 






H^ 


Rp™,, 


Bod 


Speed. 


R«fl 


8i«d. 


r™i 


«^, 


Ra-d- 


S.«ed. 


R«id- 


SpeeiL 


























DUD. 


m. 


1™- 


m. 


mm. 


m. 


inm. 


m. 


! mm. 


m. 


"""■ 


m. 


0-1 


0-575 


1-4 


2-010 


«■? 


3833 


^■0 


3855 


10-0 


S-453 


19il 


7-515 


oa 




1-5 


a- 111 


WH 


S-BS5 


5-« 


3-931 


105 


5-586 


30-0 


















4 006 










(I-4 


1-090 


1'7 


a-218 


n-n 


3-986 


(.-« 


4-080 


11-6 


5818 


33 


8-088 


U-6 


1-205 


1 ''" 


3-313 


S-3 


3-0(7 


6-8 


4-152 


120 


5-973 


S3 


8-268 














11 -0 












0-7 


1-413 


Ml) 


3-13S 


x<t 


8-371 


fi'.'i 


4-393 


ISO 


6216 


35 


6-GSa 






"1 


3-498 


3-H 


8-361 




*5I)1 


135 








11-9 


1-G3fl 


Vi 


35B7 


4-0 




V-a 


4-721 


140 


6-450 




10-190 


1-0 


1734 


33 


3-616 


4-2 


8-409 


8-0 


4-876 


15-0 


e-667 


40 


10«I8 


IT 


1-808 


B-4 


2671 


4-4 


3-eiG 


85 


B-03fi 


160 


0-896 


46 


11-5^5 


|-» 


1-8S9 




3 726 


Ifl 


3-C9J 


90 


6173 


iro 




GO 




1-4 


19C6 




3-779 


4-8 




9b 






"" 








^.-CORRECTIONS FOR TEMPERATURE. 
ColDmn a ehows the temperature of the chimnej or flue, column 6 the 



A,— EBADINGS IN DEGBEES FAHEENHEIT. 



Fn-ir. 


i 


- 


t 


- 


' 


• 


h 





1-0634 


90 


0-9723 


ISO 


0-9012 


380 


0-786S 






93 


0-9<i79 


186 


0-8977 


400 






















l-04ftl 


105 


0-9593 


193 


08909 


450 


07566 


20 


i-wos 


110 


09B61 


200 


0-887B 


475 


0-7464 




1-0355 


116 


0-9509 


210 


0-8308 


600 


07856 


















85 


1-0230 


125 


0-942S 


230 


0-8680 


550 


07171 




1-OllB 


130 


0-9388 


240 


0-8611 


675 




tf 


1-0148 


135 


0-934S 


250 






0-7000 




1-0093 


140 


0-9309 


260 


0-8197 


650 




E5 


10049 


1*5 


0-9270 


270 


0-ftl38 


700 


06r,91 


60 


1-0000 


ISO 


0-0232 


280 


0-8380 


760 


0-6552 




0-9952 


135 


0-9191 


290 


0-8321 






ru 


0-1)905 


160 


0-9136 


800 


0-9269 


850 


0-6297 


















8Q 


0-9S13 


170 


0-9U83 


840 


0-8060 


950 


0-6070 




0-Wfl7 


175 


0-9017 


860 


07960 


1000 


0-5964 



B.— READINGS IN DEGREES C^INTIGRADE. 



.^ 


h 1 


A 


h 


fO 


' 


.•0 


• 


i"c 


' 


. l\! 


> 


-10 


1-016 
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A very simple and cheaper instniment it 

Seger'a Differentittl Anenioraeter, Fig. 4. Tha 
U tube A is sunuQunted by two enlareementa, B 
and C, D is a sliding scale, adjugtable by slitH a, 
and screw-pins bb. The tuba is filled with twi 
not misable Jiqnids ; for instance paraffin oil and' 
dilute spirita of wiue (colouri.d), of nearly equal 
specific gravity. The line of contact, at X, ;- 
marked by the eero point of the scale D. If a 
aspirating force is acting on the surface of tha 
li^iuid in C, the level of the liquid will be raisal 
in C, and the point X will be lowen.'d at a mal- 
tiplied ratio, corresponding to the difference in 
the sectional area of the narrow part of A and 
the enlargements in C, say 1 r 20. 

C— TEMFEE ATCEE. 

None of the ordinary pjTometeis are reliable 
for any length of time, not even that of Siemens, 
whose high price and inconvenient shape prevent 
its general nae. We mention, of more recent 
pyrometera — - 

1, GatmthU'a metal pyrometer, mannfactared 
by Sob&ffer and Budenberg (Magdeburg and 
Manchester). This can be nsed up to 900° C, or 
Fio. i 1,600° F., bat the metallic parts must be well pro- 

2. Sieinle and Harhtng'a (of Quediinburg, Germany) sropAi/epj/rojndm-, 
gradnated up to 1,200= C. (say 2,000' F.) This, as weU as Gaantlatt's or 
other pyrometers, must be controlled from time to time, preferably by a 
calorimeter. 

3. Fiacher^a Catorimetrie Pyrennder consists (I) of a ■nrongbt-iron box 
fitted with a lid, and welded to the end of a long rod, by means of which it 
can be placed in the space whose temperature has to be taken ; (2) of a 
small cylinder of irrought iron, copper,* or platinum, say 3c long by lo. 
diameter, which is accurately weighed and exposed to the heat of the 
furnace, etc., within the above iron bra ; (3) of the calorimeter itself, vii, 
a vessel mode of thin sheet copper, about 6c. wide by 15c. deep. This is 
surronnded by a thick wooden jacket (preferably having a space in between 
which can be filled up with loose wool, fur, and the like), and can be mani- 
pulated by a wooden handle without grasping the jacket itself. The vessel 
]S fitted with a brass cover providSl with two holes, one allowing ft fine 
thermometer (graduated in tenths of degrees) to pass through, the other, !ic 
wide, for dropping in the hot metal cylinder. Through this hole also passes 
the wire handle of a copper disc, a Uttle less in diameter than that of the 
calorimeter, which serves as a stirrer. This vessel is filled two-thirds with 
an accurately weighed or measured quantity of water. The operation is 
p^ormed by exposing the metal cylinder No. 2, enclosed within (he box 
No. 1, long enough to assume the temperature of the furnace at least for 20 
minutes; then quickly take out the box, remove the lid by a forceps, and 
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drop the hot cylinder into the calorimeter No. 3, whose temperature =<*^ has 
been ascertained just before. The cylinder falls upon the disc of the stirrer, 
which is rapidly moved up and down, constantly observing the thermometer. 
When this is at its maximum, it is read off. This temperature we will call 
t\ We must further know the weight of the metal cylinder =2? ; its specific 
heat=c (this is 0-094 for copper, 0*114 for wrought iron, 0*032 for platinum, 
but increases with the temperature, so that there is here a source of in- 
accuracy) ; the weight of the water within the calorimeter, added to the 
water-weight of the copper vessel and stirrer itself =p* (water- weight means 
the actual weight multiplied by the specific heat, t.e., 0*094 for copper ; the 
thermometer, if very slender, may be left out of the calculation). The 
temperature of the hot cylinder T is found by the formula — 

pc 

If pi and p are constant, the magnitude 

pl 

pc 

can be converted into a factor, by which the difference of thermometer 
readings is multiplied, thus at once yielding the temperature sought, after 
the first temperature t^ has been added to the product. For practical pur- 
poses it is convenient to choose the quantities so that this factor becomes a 
simple number. For very high temperatures the value 

pi_ 

pc 

should not be less that 50. For lower ones it will be sufficient if it is 25, 
but it should not be chosen less than 25. The same factor will, with the 
same apparatus, yield Fahrenheit degrees if a Fahrenheit thermometer is 
used instead of a Centigrade one. The mean specific heat of iron between 
(T C. and «** C. is G=0*1053+ 0*000071 «<> (B§de). By means of this value for 
the mean specific heat of iron, the tempsrature can be calculated according 
to the following formula : — 

T= /7 p'(^^--n+P^U0-1053+0*000071 1^) ^^c^^q,,) 

V V 0*000071i? / ^*^^^ 

Siemens' copper pyrometer, which is on the same principle, gives the 
degrees corresponding to the readings of the thermometer without any 
calculations by means of a special scale ; but the indications of this instru- 
ment are very rough. 

2.— SULPHURIC ACID MANUFACTURE. 

A.— BRIMSTONE. 

1. Moisture, — ^In order to prevent the evaporation of moisture during 
grinding, an average sample of the unground or only roughly-crushed 
material weighing lOOgrms. is dried at 100° C. for some hours in an oven 
or water-bath. 

2. Ashes. — lOgrms. are burnt in a tared porcelain dish, and the residue 
weighed. 

8. Direct Estimation of ^wZpAttr.— (Macagno, Chem, News, v. 43, p. 192). 
50grms. of the finely-ground brimstone are dissolved in 200c.c. carbon 



and the Bpeoifio gravity of the liqQid=:« ia estimated. This must be reduced ^M 
to the specific gravity at 15° C.=B by meaiiB of the formula (valid up to 25' ■ 
C.)S=8 + 00014((— 15°1. The following table gives for each valae of S tha ■ 
percentage in this solution, which number must be multiplied bj 4 to ^M 
mdicate the percsntaga of sulphur in the sample of brimstone : — ^M 

SPECIFIC GEAVITIE3 OF SOLUTIONS OF SOLPHUE IN CAKBON ■ 
BISULFHIDE. ^ 
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B.-SPENT OXIDE OF GASWOEKS. 1 

This ia contaminated with aaw-duat, tarry matters, and variable qiwntities H 

of lime, etc., which latter retain part of the sulphur in burning, henoe a ■ 

method is employed which estimates only the ri'Covp-rable portion of the ■ 

sulphur (Zulltowsky, Dingfer's Joirval, v. 341, p. B2). The sulphur of the ■ 

gases are passed into a solution of caustic potash and potassium hypobromite, ■ 
and the sulphuric acid there condensed or formed is estimated by precipi- ■ 
tation with BaCl,. The combustion takes place in a combustion tube (Fig. ^ 
H) 2ft. long, narrowed at o. and drawn out at the end into a long tube, not 
too thin, and bent downwards. B ^tween a and 6 there is a layer of asbeatca 
8in. to lOin. long, and at a distance of Sin. or 4in. from this a poroelain 
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to keep the mixture cool, and diluting to l,000c.c. 80c.c. of this suffice for 
estimating 05grm. sulphur. The tube e ought also to be moistened with it. 
First heat the portion of the tube between a and 6, passing moist oxygen 
through it at the same time ; then heat the boat from the right to the left, 
lastly the tube, up to the place /. The current of gas must be much 
stronger than for an organic analysis, lest any sulphur should escape un- 
burnt, but not so strong as to draw off any SOs unabsorbed. So long as 




Fie. 6. 

any dew appears at li it must be driven into the receiver with a Bunsen 
burner. When this ceases (usually in about an hour) the experiment is 
finished. The receivers are then taken off, washed out, and the acid re- 
maining in A is recovered by aspirating several times water through it. 
All the liquids are united, supersaturated with HCl in order to decompose 
the potassium hydrate and hypobromite, heated, concentrated if necessary, 
and the sulphuric acid is precipitated with BaCl2) as directed in the follow- 
ing paragraph (C 2). 

In lieu of the bromine solution proposed by Zulkowsky, hydrogen 
peroxide can be used ; but it must be free from sulphuric acid, or else the 
sulphuric acid contained in it must be allowed for. In this case the analysis 
may be performed volumetrically by means of caustic soda solution. 

C.-PYEITES. 

1. Moisture. — The ground pyrites is dried at 105*^ C. till the weight re- 
knains constant. For the following tests the pyrites is not employed in the 
dried state, but the finely-ground average sample, as it is kept in a well- 
sealed bottle. Compare the Appendix as to drawing and reducing an 
average sample. 

2. StUphur, — ^About 05grm. of pyrites is treated with about 10c.c. of a 
mixture of 8 vols, nitric acid (specific gravity 1*4) and 1 vol. strong hydro- 
chloric acid, both ascertained to be absolutely free from sulphuric acid. 
Avoid all spurting. Heat up the mixture now and then, evaporate to 
dryness in a water-bath, add 5c.c. hydrochloric acid, evaporate once more 
(no nitrous fumes ought to escape now), add Ice. concentrated hydrochloric 
acid and l(X)c.c. hot water, filter through a small filter, and wash with hot 
water. The insoluble residue maj be cbiedj ignited, and weighed. It may 
contain, besides silicic acid and silicates, the sulphates of barium, lead, and 
even calcium, whose sulphur, as being useless, is purposely neglected. The 
filtrate and washings are saturated with ammonia, avoiding much excess 
of it and keeping the hot liquid about 10 or 15 minutes before filtration, 
but n9t boiling till all the ammonia is expelled (in which case the preci- 
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pitate contains some basic snlphat*). The precipitated ferric hydrate is 
filtered and waslied. This can be done in from half to one hour, by em- 
ploying the following precautions : (1) Filter hot, and wash on the filter 
with hot water, avoiding channels in the mass, but so that the whole 
preoipitata is thoroughly churned up with the water each time (washing 
by decaiitation would produce too great a bulk of liquid); (2) employ 
sufficiently dense but rapidly-filtering paper; (8) use funnels, made at an 
angle of exactly 60", whose tube is not too wide, and is cmnpletels Jllled by 
the liquid running through. A filtfr pump may also be employed with 
the usual precautions. Wash till about Ic.c of the washings on adding 
BaCls shows no opalescence even after a few minutes. The filtrute and 
washings should not exceed 200c.o., or else should be concentrated by 
evaporation. Acidulate with pure HGl in very slight excesi, heat to boiling, 
remove the burner, and add a solution of BaCl, previously heated to boiling. 
(A large excess of BaClj must be decidedly avoided.) For O-Sgrm, pyrites, 
20c.c of a 10 per cent, solution of BaCI) is always more than sufiiciBnt. 
This is roughly measured off in a test-tnba provided with a marh, and 
heated in the same tube. After precipitation the liquid is left to stand for 
half an hour, when the precipitate should be completely settled. Decant 
the clear portion as well as possible through a filter, pour 100c .c. boiling 
water on the precipitate, and stir up. Wait two or tlu-ee minutes, when 
the liquid ought to have settled completely, and decant again. Bepeat 
the treatment with boiling water, and the decantation three or four times, 
tiU the liquid has lost its acid reaction. Wash tbe precipitate on to the 
filter, dry, and ignite. It should be a perfectly white and loose powder. 
One part of it is equal to 0-13734 sulphur (factors on pp. 14, 15). 

8. Copper (Pr/xcsi etaployed al Ihe Duiaburg Copper Exlraclion Works). — 
Igrm. of pyrites, finely powdered and dried at 100° C, is treated with con- 
centrated nitric acid, and then evaporated to dryness. Pour concentrated 
sulphuric acid over the residue, and heat on a sand-bath till tbe free acid 
is driven off. Let it cool down, boil up the mass with water, allow it to 
cool, add quarter of the bulk of spirit of wine, let stand for 12 hours, and 
fitter. The reaidae on the filter is washed with a mixture of I part alcohol 
and 2 parts water till no more copper can be found. The dilute filtrate is 
sBturated with H^S and allowed to stand for some hours. The precipitate 
(containir^ the sulphides of copper, arsenic, antimony, and bismuth) is 
washed with a solution of HjS containing a little sulphuric acid, dried, 
mixed with the ashes of the filter and with pure sulphur (recry stall ized 
from OS)), ignited in a Eose'a crucible in a curi ■ - • ■ 
and weighed. In this operation arsenic is comp 
and bismuth remain along with the copper. I 
almost constant quantity of 0-C5 per cent. Sb a 
together with the weight of the filter ashes, i 
part CujO=0-79874 Cu).' 

i. Zinc is sometimes estimated in pyrit« ' 



it of hydrogen or coal gas, 
lately volatilisid ; antimony 
Spanish pyrites contains an 
idBi of which 0-OOCBgrm., 
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te the sulphur combined 




Zincworks : 0-5grra. of the ore is dissolved rb described on p. 91. All nitrio 
acid is destroyed in the same way. Any metals precipitable by H»S from 
an acid solution are removed by this reagent. The filtrate is freM from 
HjS h^ boiling, and oxidized by a little aqua regia. The ferric oxide ia 
precipitated with 30o.c. of liquor ammonife (if Mn is present, the hquor is 
allowed to stand for six hours, when the Mn will be precipitated as well), 
filtered, dissolved on the filter (aH it always contoinB zinc) in a little HCL 
without previoos washing, precipitated once more with NHj, and filtered 
again. Both filtrates are united, diluted to half a litre, and titrated in a 
tall beaker by a solution of pure crystallized sodium sulphide, of which Ic.c, 
ought to be as nearly as possible^OOl Zn. With more dilute liquors the 
results are not so good. Add the liquid, constantly atirring, till a paper 
BOftked with a hasie solution of ferric chloride, half dipping into the Liquid, 
ia blackened. The paper is either attached to the sidu of the beaker or sus- 
pended from platinum wire. The NsjS solution ia atandardized exactly in 
the same way by weighing off pure rinc, dissolving, and supersaturating 
with NHp But exactly the same dilution and excess of ammonia must be 
used as in the former operation, in order to employ the same excess of Naj8 
for blackening the iron paper in both cases, and the degree of blackening 
' should also be the same. The solution of sodium sulphide should not be 
more than a fortnight old. 




5. CarloJiie Add (calcium carbonate, etc.) is sometimes estimated, because 
the b.ises combined with it make a corresponding quantity of sulphur use- 
li.Es in the form of sulphatps. As the quantity is always small, the CO^ is 
estimated gravimetrically by expelling it by stroiig acids and absorbing 
it in Boda lime in the apparatus, Fie. 6. The flask a, holding SOOc.c, 
is closed with an indiarubber cork. Through this passes the swan-neck to 
tube h, reaching down to the bottom of a and connected outside by means of 
a pinch -cock joint, either with a small funnel or (at the end of the operatioii) 
with a U tube filled with soda lime. In a second perforation of the cork ft 
fixed the delivery tube e, cut obliquely at the lower end, and enlarged above 
the cork into a bulb. The latter isconneoted with a series of U tubes, which 
are once for all put together and hung with wire loops from a carrjing rod 
fixed in a stand, so that the whole is ready for use at any time. The tube 
No. 1 (Tin. long, gin. wide inside) contains only a little calcium chloride 
(absolutely free from alkaline reaction) in its bend. No. 2 (same size) ia 
filled with calcium chloride. No. 3 (same size) with pumice, boiled with a 
concentrated solution of copper sulphate, dried, and heated to tha point 




where all water ia driven off tor tha -absorption of HjS and HCl.* Tliehibe 
Nob. 4 to T are 4iiii. long and ^In. wide. No. 4 contains calcinm chloridel'h 
Noa. 5 and 6 about SOgrms. granulaj- soda lime, except the apper third « I 
the aerx/Hd limb, whioh ia filed with granular ealeium chloride; No. 7, i~ ' 
the £rab limb calciam chloride, and in the second soda lime. Nob. 1 to a 
sarve for removing from the gas ita moisture and HCl ; Noa. B and 6 (or 
ahsorbing the CO,, the CaClj preventing any escape of moiature from the 
Boda lime. No. 7 is a guard-tube againat COj and HjO entering from with- 
out. Only Nob. 5 and 6 are weighed (both togetherj before and after the 
experiment. The contenta of No. 1 must generally fee rijnewed after each 
experiment ; those of No. 5 pretty frequently, according to the COj present ; 
those of No. G -yeiy rarely. The apparatus ia tested in the usual way for ita 
gas-tightnc'ss, and serves for all estimations of CO, by weight. For mahing 
a test, put the weighed aubstance into the flaak a, along with &Oc.c. of water; 
gradually run in through £ a sufhoient quantity of dilute HCl or BO^g 
(compare footnote), take away the funnel, connect b with the soda-lune 
guard-tube, and aspirate from the other end, at the U tube No. 7, a steady 
current of air, free from CO,, through a, whose contenta are at the same 
time heated, but not to the boiling point. The prooets of abaorption 
followed by the progressive risB of temperature m the aoda-lime tube No, 5, ] 
"When this hsB become quite cold, the current of air ia passed througli J 
another 20 minutes, after which the esperiment is floished. The contenta 1 
of a ought never to he heated strongly enough to make the calcium chloride 1 
in No. 1 deliquesce. (This (stimation requiris a great deal of practice and 
care to avoid errors. An easier, quicker, and more reliable method of I 
estimating CO, by the volume of the gaa has been worked out by Iiunge 
and Slarchlewski, Zeitsch. f. angew. Chem., April, 1891, p. 229). 

D.— BURNT PYRITES (CINDEES). 

1. Sulphur is estimated by JohnWatson'amethcd {S.C.I.,18S8,p|i.3<B.730). 
Place exactly 2 grama bicarbonate of soda of known alkitlinity m a nickel 
or platinum crucible; add S-200 grams of the powdered sample of burnt 
ore ; mix intimately with a flattened glass rod ; heat gently over a low 
Bunsen flame for five or ten minutes ; stir up the mixture again; continue 
the heating over a stronger flame for ten or fifteen minutra longer; wash 
the contents of the crucible into a beaker; boil for ten minutes ; filter aid 
wash the insoluble portion, till all alkaline reaction has ceaaed; allow the 
waahings to cool ; add methyl-orange and titrate with normal hj-drochlorio 
acid ; each c.c, of which saturates 0-(B3 Na, COj, and indieatea 0-016 8. 
If W8 call the number of cc. of that acid, consumed by 2 grama of the 
bicarbonate employed, o, and the number of c.c, consumed on retitrating 
after the test, b, the number 2(o - 6) espresaes the percentage of sulphur in 
the burnt ore. 

2. Copper ia estimated aa on page 94, but the solution of the sample (Ignn.) 
is made by means of hydrochloric acid, with a tew drops of nitric acid. A 
deduction of i>07 per cent, for Bi and Sh ia made from the percentago of Co 
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E.— GASES. 

1. Burner Gases. — SOj is estimated by Reich's method {Lunge's Sidphurie 
Acid and Alkali^ vol. i., p. 251; yoL iii., p. 852). The gas is aspirated 
through a solution of iodine, contieiined in a wide-necked 20()c.o. bottle, and 
coloured blue by starch solution, till the colour has been just discharged. 
This bottle is connected with a larger bottle, converted into an aspirator b^ 
a tap near its bottom, or by a siphon fitted with a pinch-cock. Water is 
run from this into a graduated 25()c.c. jar. All this time the iodine bottle is 
shaken jip, and at the moment when the colour is discharged the tap of the. 
aspirator is closed, and the volume of water in the jar is read oft. It is equal 
to that of the gas aspirated through when increased by that of the SOj ab- 
sorbed. The absorbmg bottle is chared with 10c.c. of a decinormal solJ- 
tion of iodine (12*7 grms. iodine per litre, preparation and examination in 
the Appendix), along with about 50c.c. of water, a little starch solution, and 
a little sodium bicarbonate. The above quantity of iodine is=0032grm. 
S02=ll'14:C.c. at 0** C. and a pressure of 760mm. The latter figure, multi- 
plied by 100 and divided by llc.c.-|-the volume of the water run out, yields 
the percentage of SOj in the gas by volume. 

This calculation is saved by the following table, in which the llc.c. are 
already taken into account. 



c.c. Water in 
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Per cent. SO, 


c.c Water in 
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5-0 


120 






8-5 


— 









In this no notice is taken of temperature and barometer. If these are to be 
observed, the volume read off is reduced to 0° and 760mm. by the tables 20 
and 21 or 21B, and then looked up in the above table. 

Total Acids (SOj-f-SOs) are estimated in exactly the same way, and calcu- 
lated as 8O2, by employing, in lieu of iodine and starch, a decinormal caus- 
tic soda solution, coloured bjr phenolphthalein, and passing gas through it 
with constant agitation, until the liquid is just decolorized. A very suit- 
able form of apparatus is that in which the inlet gas-tube is closed at the 
lower end, and is provided, below the lever of the liquid, with many pinhole 
openings, which break up the current of gas into as many fine streams. 

2. Chamber Gases. — These are analysed like No. 3. 

8. Chamber JExit Gases as Oxygen. — Before estimating this the acids are 
removed from the gas by washing with a solution of potash or soda. Single 
samples can be taken at odd times during the day, but it is recommended to 
take an average sample for the whole daj^j by aspirating at least 10 or 20 
litres of gas, and analysing a portion of this. The estimation of oxygen is 
best made by moist phosphorus in an Orsat apparatus (page 86) with two 
absorbing tubes, one of which is filled with potash solution for removing the 
acids, the other with small pieces of phosphorus. The manipulation is 
exactly as in testing fire gases, but it should be observed that the tempera- 
ture must be at least 16®, better 18° C, otherwise the tube must be warmed 
a little. 

4. Sulphur and Nitrogen Acids, — The different acid compounds of sulphur 



are eBtimated together, as well as those of nitrogen, whatever degree of o 
dtttioa they may pcsaess. The following prescriptions agree in the mi 
with those published by the British Alkali Makers' Assoinatioa in 1878. 
eontinaous test over 24 boors is taken of the gases Escaping from the es 
pipes of the Oay-Lossao Uiwcra, aspirating at least one cubic foot per hour i 
by means of any aspirator acting at a constant rate and recording tho ■ 
Tolnme of gae=V by meansof ganging the aspirator or by a gss meter. The I 
volume Vis reduced to 0"C, and TCOmra pressure (=32° F. and 29'92i]iches*) J 
by the tables 20 and 21 or 21b, and is now called V. In order to allow | 
comparisons, the number of cubic feet of chamber space per pound of snlphui 
bnmt and passing into the chambei^ is recorded, excluding towers, but in- 
cluding tunnels, the amount of Hulphur being taken bj the weekly average, 1 
each firm to state the distance of the testing hole from thu point at which 1 
the gases leave the Giay-Lussjtc towers. The absorption apparatus eonsista 
of four bottles or tubes, containing not leas than lOOc.c. of absorbing liquid, 
with a depth of at least Sin. in each bottle, the aperture of inlet tubes not 
to exceed Ain. in diameter, and to be measured by a standard wire. The 
first three bottles contain each lUOc.c. of normal caustic soda solution (81 
grms. per litre), the fourth lOOc.o. distiUed water. The caustic soda naed 
roost be free from nitrogwi acids. The gases are tasted (1) for total acidity, ' 
stated in grains of SO, per cubic foot of gas, elsewhere in grammes per cubic ' 
metre. (2) Sulphur acids. (3) Nitrogen acids, both stated m grains t ' ~ 
N per cubic foot (or grammes per cubic metre). The analysis is can 
as follows : The contents of the four' bottles are united, taking cart 
unnecessarily auf^ent the bulk of the liquids, and ara divi£d into three 
equal parts, one of which ia reserved for accidents, etc. The first part is 
titrated, with normal sulphuric acid (49 grms. SOiH, per litre), to ascertain 
total acidity. The number of cubic centimetres of acid necessary for neu- 
tralization is called z, The second part of the liquid is gradually pour^ 
into a warm solution of potassium permanganate, strongly acidified with 
pure Bulphiixic acid. A small excess of permanganate must te present, and 
must be afterwards reduced by the adcfition of a few drops of sulphurous 
acid solution, until only a faint red tint is visible. Now all Nitrogen acids 
are present as ENOj, but no excess of SOg. The HNO, is estimated by its 
action on Ft SO). 2oc c. of a solution, containing per litre 100 grms. crystal- 
lized ferrous sulphate and 100 grms. pure sulphuric acid (the same solution 
which is used for estimating MnO,) are put into a flash, 20cji. to 2oc.c. pure 
concentrate sulphuric acid is added, the mistnre is allowed to cool, and 
the other mixture, treated with permanganate, etc., is added. The flask is 
closed by a cork with glass tulxs. A current of CO, passes through and 
issues beneath the surface of some water, to prevent entrance of air. Firet, 
all the air is expelled in this way by means of an apparatus evolving COj 
with constant action ; then the solutions are introduced, and the contents of 
the flask are heated to boiling, till the dark colour produced by the for- 
mation of NO has changed to a clear light yellow. This lasts a quarter of 
an hour to one hoar, according to the quantity of NO,H present and that of 
the sulphuric acid added. The unoxidiEed ferrous sulphate is titrated bj a 
seminormal permanganate solution (yielding 0004 grm. oxygen per cubic 
centimetre — com^re Appendix). The cubic oentimetres used=7/. Sinoe 
•u. »^»-g of tiie iron solution changes pretty quickly, it should be tested 
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daily by taking out 25c.c. with the same pipette as serves for the above- 
described operation, and ascertaining the amount of permanganate required 
for oxidizing it=« c.c. The magnitudes sought are found by the foUowing 
equations ; — 



1. Total Addity in grammes per cnbio 
metres 

^- _O120fl00^a;) 
^^8 yi 

2. Sulphur in grammes per cubic 

metres 

0008i600-6aj-«+y) 
S yi 

3. Nitrogen in grammes per cubic 

metre = 

T^_ 0-007fg~y) 



1. To^ol Acidity in grains per cubic 
foot= 



SO 



_ l-852(100~a;) 



8 



2. Sulphur in grains per cubic 
foots 

g_ 0-12346 ^600-6aj~a+y) 

3. Nitrogen in grains per cubic 
fo«>t = 



T^_ lQ80 3{g~y) 
yi 



The legal limit for total acidity is 4 grains of SOg per cubic foot.* 

For the purposes of the Alkali Act, it is sufficient, in lieu of the just- 
described separate process, to estimate toted ctcidity only by the test described 
on p. 97, employing deoinormal soda solution and phenolphthalein. 

5. Nitric Oxide (NO) can be present in the exit gases after passing through 
the absorbing bottles. If it is to be estimated, an absorption tube (Fig, 
7) t is interposed between the tubes of the last-described apparatus and the 




Fio. 7. 

aspirator. This tube contains 30c. c. of semi -normal permanganate and Ice. 
of sulphuric acid, specific gravity 1*25. The gas is passed through for 24 hours, 
and the tube emptied and washed out. Now add 50c.c ferrous sulphate 
solution, corresponding to 2z permanganate (compare last paragraph), and 
retitrate the decoloriz^ liquid with permanganate. The quantity of the 
latter now used is called u. The NO has consumed (30+tf— 22;)c.a perman- 
ganate, which is equal — 



In grammes of nitrogen per cubic 
metre of the volume Y^. 

Tq. _ 0-007(30+^-22 ) 
8V^ 



In grains of nitrogen per cubic 
foot. 

Tq._ 0-10603 ( 30+tt~2g ) 
8V1 



^ Allcali Act» 1881, Sec. 8. 

t This shape of bulb-tubes has been found to be far superior to any other form of absorp- 
lioU'tubes tried. 
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F.-SULPHURIO ACID. 






L 


SPECIFIC 


GEAVITY OF SULPHUHIC 


Acm AT eeev. | 






(Ll-koe & Ibleb.) 




■ 


i 


100 p.R- 


bjwtiglit 


EiloiHUtn 


■•*r-* 










H.80. 




l>.»>-i 


Ikat^L ■ 


^ 


60. 


H.ao. 




H.SIS. 


K..SO. H 


40 


22-80 


27-82 


0-828 


74-^ 


3}44 


«. 1 


41 


22'82 


27-95 


0-337 


TT-rU 


■atmi 


«MS " 


42 


28-83 


28-58 


0-316 


75-43 


ai-s7 


»!-« 


48 


28-81 


29-21 


0-355 


7>76 


:^U 


S^<» 


44 


24-B6 


29-84 


0-364 


76<)7 


2»-n 


ma 


45 


2.1-m 


80-49 


0-373 


76-88 


23^ 


SK3 


4C 


^89 


81-11 


0-332 


76-69 




»»& 


47 


25-68 


31-70 


0-391 


77-00 


24-41 


aa« 


48 


2«-85 


3-2-28 


O-4O0 


77-32 


24-97 


8S-18 


49 


26-83 


32'86 


0-409 


77-63 


25-54 


87^a 


BO 


27-29 


33-48 


0-418 


77-M 


•26-10 


87-82 


Bl 


27-76 


34-00 


0-426 


78-25 




8»63 


52 


28-22 


81-57 


0-435 


78-56 


27-23 


39-45 


53 


28-69 


85-14 


0-444 


78-87 


27-79 


40-27 


51 


29-15 


85-71 


0-454 


79-19 


28-35 


41-08 


bo 


aa^ea 


86-29 


o-ita 


79-50 


28-92 


41-90 


56 


80-10 


36-87 


0-472 


79-81 


29-48 


42-73 


57 


80-57 


37-45 


0-481 


80-12 


30K)4 


43-53 


B8 


ai-O'i 


88-03 


0-490 


80-43 


30-60 


44-34 


B9 


3I-o2 


88-61 


0-500 


80-74 


31-17 


45-16 


60 


81-99 


89-19 


0-510 


81-06 


31-74 


45-99 


61 


82-46 


89-77 


0-519 


81-37 


3-2S2 


46-88 




32-94 


40-85 


0-5-29 


81-68 




47-65 




83-41 


40-98 


0-538 


8199 


83-46 


48-48 


64 


38-88 


41-50 


0-M8 


82-80 


3103 


49-31 


65 


84-85 


42-08 


0-557 




34-60 


60-13 




34-80 


42-66 


0-567 


^■93 


K-18 


60-98 


67 


K-27 


43-20 


0-577 


83-24 


85-79 


61-66 




85-71 


48-74 


0-586 


83-55 


36-40 


52-74 




8614 


44-23 


0-596 




3701 


53-63 


70 


36-58 


44-82 


0-605 


84-17 


8T-63 


54-52 


71 


87-02 


45-35 


0-614 


84-49 


8S-24 


55-41 


72 


87-45 


45-88 


0-624 


84-80 


8H-85 


56-29 


73 


S7-89 


46-41 


0-638 


85-11 


39-46 


57-18 


74 




46-94 


0-613 


85-42 


40-07 


58-05 


75 


38-75 


47-47 


0-658 


85-78 


40-68 


58-94 


70 


39-18 


4800 


0-662 


86-C« 


41-29 


59-83 


77 


30-6-3 


48-53 


0-672 


86-86 


41-&1 


60-72 


78 


40-05 


49-06 


0-683 


86-67 


42-52 


61-61 


79 


40-48 


49-59 


0-692 


86-98 


43-13 


62-50 


60 


40-91 


50-11 


0-702 


87-29 


4a-74 


63-83 


m^ 1 
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1. SPECIFIC GEAVITY OF SULPHURIC ACID AT 60* ¥.— Continued. 



i 


100 parts by iireight 
contain 


Ealoperlitro 


1 Cubi( 
weigbs 


B Foot of Ad 
containn 


dCO'F. 

vielda 
lb. avd: 






H,SO. 


lb. avd. 


lb. avd. 


^ 
H 


SO, 


H.SO* 




H,SO« 


Na,SO« 


81 


41-33 


50-63 


0-711 


87-60 


44-36 


64-27 


82 


41-76 


51-15 


0-721 


87-92 


44-97 


65-18 


83 


4217 


51-66 


0-730 


88-23 


45-58 


66-02 


84 


42-57 


52-15 


0-740 


88-54 


46-18 


66-90 


85 


42-96 


52-63 


0-750 


88-85 


46-78 


67-78 


86 


43-36 


53-11 


0-759 


89-16 


47-38 


68-65 


87 


43-75 


53-59 


0-769 


89-47 


47-99 


69-53 


88 


44-14 


54-07 


0-779 


89-79 


48-59 


70-41 


89 


44-53 


54-55 


0-789 


90-10 


49-19 


71-28 


90 


44-92 


55-03 


0-798 


90-41 


4979 


72-15 


91 


45-31 


55-50 


0-808 


90-72 


50-39 


73-01 


92 


45-69 


55-97 


0-817 


91-03 


50-99 


73-88 


93 


46-07 


56-43 


0-827 


91-35 


51-59 


74-76 


94 


46-45 


56-90 


0-837 


91-66 


5219 


75-62 


95 


46-83 


57-37 


0-846 


91-97 


52-79 


76-49 


96 


47-21 


57-83 


0-856 


92-28 


53-39 


77-36 


97 


47-57 


58-28 


0-866 


92-59 


54-00 


78-25 


98 


47-95 


58-74 


0-876 


92-90 


54-60 


79-12 


99 


48-34 


59-22 


0-886 


93-22 


55-20 


79-98 


100 


48-73 


59-70 


0-896 


93-53 


55-84 


80-92 


101 


49-12 


60-18 


0-906 


93-84 


56-47 


81-82 


102 


49-51 


60-65 


0-916 


94-15 


57-10 


82-74 


103 


49-89 


6112 


0-926 


94-46 


57-73 


83-65 


104 


50-28 


61-59 


0-936 


94-77 


58-36 


84-56 


105 


50-66 


62-06 


0-946 


95-09 


59-00 


85-50 


106 


51-04 


62-53 


0-957 


95-40 


59-62 


86-39 


107 


51-43 


63-00 


0-967 


95-71 


60-26 


87-32 


108 


51-78 


63-43 


0-977 


96-02 


60-89 


88-23 


109 


52-12 


63-85 


0-987 


96-33 


61-52 


89-15 


110 


52-46 


64-26 


0-996 


96-65 


62-15 


90-06 


111 


52-79 


64-67 


1-006 


96-96 


62-78 


90-97 


112 


53-12 


65-08 


1-015 


97-27 


63-42 


91-90 


113 


53-46 


65-49 


1-025 


97-58 


64-05 


92-81 


114 


53-80 


65-90 


1-035 


97-89 


64-68 


93-72 


115 


54-13 


66-30 


1-044 


98-20 


65-31 


94-64 


116 


54-46 


66-71 


1-054 


98-52 


65-94 


95-54 


117 


54-80 


67-13 


1-064 


98-83 


66-58 


96-48 


118 


55-18 


67-59 


1-075 


99-14 


67-21 


97-40 


119 


55-55 


68-05 


1-085 


99-45 


67-84 


98-30 


120 


55-93 


68-51 


1-096 


99-76 


68-47 


99-22 


121 


56-30 


68-97 


1-107 


100-07 


69-10 


100-15 


122 


56-68 


69-43 


1118 


100-39 


69-74 


101-05 


X23 


57-05 


69-89 


1-128 


100-70 


70-37 


101-95 


124 


57-40 


70-32 


1-139 


101-01 


71-07 


102-96 


125 


57-75 


70-74 


1-150 


101-32 


71-77 


104-00 



^f 
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1. SPECIFIC GRAVITY OF SULPHUEIC ACID AT 60° P 




= 


lOOpartB 


by weight 


KllDperlitTB 


1 Cubic root ot Ac 


tm-i. 


1 




ITBigllE 




M«.SO, 


BO, 


H.fiO. 


H.80. 


111. .Vi 


Ih. »vd. 

H,ao. 


126 


B8-09 


71-18 


1-160 


101-64 


72-46 


Iffi-OO 


127 


58-48 


71-57 


1-170 


101-95 


73-16 


106-00 


128 


58-77 


71-99 


1-181 


102-26 


7a-s 


107-00 


129 


59-10 


?2-40 


1-192 


102-57 


74-55 


108-00 


130 


59-45 


72-87 


1-2112 


102-88 


76-25 


109-06 


181 


59'78 


73-23 


1-212 


103-19 


76-94 


llOKM 


132 


60-11 


73-64 


1-222 


103-50 


76-64 


111-05 


133 


60'46 


74-07 


1-233 


103-82 


77-33 


112-05 


IM 


60-82 


74-51 


1-244 


lW-13 


78-03 


113-05 


\So 


61-20 


74-97 


1-256 


104-44 


78-73 


114-10 


136 


61'B7 


75-12 


1-267 


lOt-75 


79-43 


115-10 


137 


61'93 


75-86 


1-278 


105-07 


80-13 


116-10 


138 


62-29 


76-30 


1-289 


105-38 


80-81 


117-10 


139 


6-2-64 


76-73 


1-301 


105-69 


81-51 


11810 


140 


63-00 


77-17 


1-312 


106-00 


82-21 


119-15 


141 


68-35 


77-60 


1-323 


106-31 


82-90 


120-15 


142 


63-70 


78-04 


1-334 


106-62 


83-60 


121-15 


143 


64-07 


78-48 


1-346 


106-94 


84-29 


122-16 


144 


64-43 


78-92 


1-357 


107-25 


84-99 


123-16 


14B 


64-78 


79-36 


i-geg 


107-5G 


85-69 


124--20 


146 


65-14 


79-80 


1-381 


107-67 




125-20 


147 


65-60 


80-24 




108-16 


87-03 


126-20 


143 


65-86 




l-40-i 


108-49 


87-77 


127-20 


149 


66-22 


81-13 


1-116 


108-80 


88-47 


lffi-20 


l&O 


66-&3 


81-56 


1-427 


109-12 


89-17 


129-20 


151 


6694 


S2-00 


1-439 


109-43 


89-86 


130-20 


152 


67-30 


8-2-44 


1-tel 


109-74 


90-56 


131-20 


158 


67-K 


82-33 


1-463 


1I0-C6 


91-25 


132^ 


154 


68-oa 




1-475 


110-36 


91-95 


133-^ 


155 


68-49 


8390 




110-68 


92-88 


134-60 


156 




81-50 


1-504 


110-99 


&3-81 


135-90 


157 


69-47 


85-10 


1-519 


111-30 


94-74 


137-30 - 


158 


69-96 


85-70 


1-531 


111-61 


95-67 


138-50 


159 


70-45 


86-30 


1-549 


111-92 


m-m 


140-00 


100 


70-94 




1-564 


11-2-23 


97-52 


141-30 


k 


1 






■ 


L 






M 
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2. SPECITIC GEAVITY OF HIGHLY CONCENTEATED 
SULPHUEIC ACID AT 60' F. (Lunge & Isler.) 





Speciflo 


100 Parts by "Weight con.ain 


Kilo per Utre 


TwaddeU. 


Gravity, 


SO, 


HaSO*. 


H,SO*. 


160 


1-800 


70-94 


86-90 


1-564 


161 


1-805 


71-50 


87-60 


1-581 


162 


1-810 


72-08 


88-30 


1-598 


163 


1-815 


72-69 


89-05 


1-6-21 


164. 


1-820 


73-51 


90-05 


1-639 


• •• 


1-821 


73-63 


90-20 


. 1-643 


»% • 


1-822 


73-80 


90-40 


1-647 


• • • 


1-823 


73-96 


90-60 


1-651 


• • • 


1-824 


74-12 


90-80 


1-656 


165 


1-825 


74-29 


91-00 


1-661 


• • • 


1-826 


74-49 


91-25 


1-666 


• • • 


1-827 


74-69 


91-50 


1-671 


• • • 


1-828 


74-86 


91-70 


1-676 


• • • 


1-829 


7503 


91-90 


1-681 


166 


1-830 


75-19 


92-10 


1-685 


• • • 


1-831 


75-35 


92-30 


1-690 


• •• 


1-832 


75-53 


92-52 


1-695 


• •• 


1-833 


75-72 


92-75 


1-700 


• • • 


1-834 


75-96 


93-05 


1-706 


167 


1-835 


76-27 


93-43 


1-713 


• • • 


1-836 


76-57 


93-80 


1-722 


• • • 


1-837 


76-90 


94-20 


1-730 


• • • 


1-838 


77-23 


94-60 


1-739 


• • • 


1-839 


77-55 


95-00 


1-748 


1G8 


1-840 


78-04 


95-60 


1-759 


• • • 


1-8405 


78-33 


95-95 


1-765 


• • « 


1-8410 


79-19 


97-00 


1-786 


• • • 


1-8415 


79-76 


97-70 


1-799 


• • • 


1-8410 


80-16 


98-20 


1-808 


• • • 


1-8405 


80-57 


98-70 


1-816 


• • • 


1-8400 


80-98 


99-20 


1-825 


. • • • 


1-8395 


81-18 


99-45 


1-830 


• • • 


1-8390 


81-39 


99-70 


1-834 


• • • 


1-8385 


81-59 


99-95 


1-838 




3.— SPECIFIC GRAVITIES AND PERCENTAGE OF FUMING 
(NORDHAUSEN) OIL OF VITRIOL AT DIFFERENT TEM- 
PERATURES. 



1-8116 
1-8509 
1-8571 



1-9072 
1-9CI95 
1-9121 
1-9250 



1-8617 
1-8742 
l-88'i3 

i-syio 



1-9021 
l-!)042 
1-0053 
1-9193 



The above table is only intended tor controlling the works, but not for 
commercial pm-poses, because the specific gravity is anything but a certain 
guide for the percentagu of Nordbaaaen acid, and altogether fails as sach 
for the etrengths just below the monohjdrate. The table was not made foe 
diemicallj pure acids, bat for commercial acid. 



lUS 




M 


4.-TABLE FOR REDUCrNG THE SPECIFIC 


GRAVITIES OF ■ 


SULPHURIC ACID OF VARIOUS STRENGTHS TO ANY ■ 


OTHER 


TEMPERATURE (DEGREES C). 




■ 


0- 


6'" 


"l^' 


ID- 


20" 


M- 


30- 


3a- 


40- 




W 


1'857 


1-852 


1-S16 


1-840 


1-835 


1-830 


1-825 


1-82 i 


1-816 


1-811 


1-806 


1-S17 


l-64t 


1-S36 


1-830 




1-620 


1-815 


1-810 


1-605 


1-800 


1705 


1-837 


1-S3I 


1-825 


1-830 


1-815 


1-8U9 


1-804 


1-799 


1-79* 




1-784 


1-837 




1-815 


1-810 


1-806 


1-709 


1-793 


1-788 


1783 


1-778 


1-778 


1-817 




1-805 


1-800 


1-791 


1-788 


1788 


1-777 


1-773 


1-766 


1-761 


1-807 


1-801 


1706 


1-790 


1781 


1778 


1-773 


1767 


1-763 


1-756 


1761 


1797 


1-791 


1-786 


1780 


1-774 


1768 


1-763 


1-757 


1753 


1-746 


1-741 


1788 


1-781 


1-776 


1-770 


l-7ro 


1769 


1-754 


1743 


1743 


1-737 


I7S3 


1-776 


1770 


1-766 


1-760 


1-756 


1749 


1-744 


1-788 


1-733 


1-728 


1-733 


1765 


1-760 




1-750 


1746 


1-740 


1-785 


1-730 


1-726 


1-730 


1716 


17M 


1-750 


1-745 


1-740 


1-786 


1-780 


1-736 


1-731 


1-710 


1-711 


1-700 


17J4 


1-740 


1-735 


1-730 


1-726 


1-730 


1-716 


1-711 


1-706 


1-701 


1-896 


17»l 


1-780 


1-735 


1-720 


1715 


1710 


1-706 


1-701 


1-C06 


1-091 


1-686 


1721 


1-730 


1715 


1710 


1-706 


1-700 


1-696 


1-691 


1-688 


1-681 


1-676 


1-714 


1710 




1-700 


1-695 


1-090 


1-6SS 


1-681 


1-676 


1-671 


1-687 


1-7IM 


1-700 


1095 


1-090 


1-085 


1-680 


1-676 


1-671 


i-coe 


1-661 


1-656 


1-691 


1-690 


1035 




1-676 


1-670 


1-666 


1-661 


1-056 


1-651 


1-646 


l-6ftl 




1-675 


1-670 


1-665 


1-660 


1-666 


1-651 


1-610 


1-641 


1-637 


1-674 


1-670 


1605 


1-600 


1-655 


1-650 


1-616 


1-641 


1686 


1-632 


1-623 


1-664 


1-660 


1-655 


1-650 


1-646 


1-640 


1-686 


1-633 


1-627 


1-633 


1-613 


l-flM 


1-650 


1-615 


1-640 


1-635 


1-631 


1-636 


1-633 


1-617 


1-613 


1-008 


1-^ 


1-840 


1-835 


1-630 


1-625 


1-621 


1-616 


1-613 


1-607 


1-602 


1-598 


1-634 


1-630 


1-635 


1-630 


1-61B 


reii 


1-606 


1-602 


1-m 




1-688 


1-634 


1-620 


1-615 


1-610 


1-606 


1-601 


1-596 


1'6D3 


1-687 




1-578 


1-614 


1-010 


1-605 


1-600 


1-595 


1-591 


1-688 


1-583 


1-677 


1-573 


1-568 


1-601 


1-600 


1-595 


1-5D0 


1-585 


1-581 


1-578 


1-578 


1-567 


1-562 


1-558 


1-604 

1-5M 


1589 


1-584 


1-580 


1-676 


1-570 


IW,S 


1-562 


1-568 


1-653 


1-548 


1-B79 


1-574 


1-570 


1-666 


1-661 


i-55e 


1-553 


1-518 


1-643 


1-539 


1-674 


1-569 


1-561 


1-560 


1-556 


1-552 


1-647 


1-543 


1-539 


1-534 


1-580 


■ 1-B6B 


1-5B8 


1-551 


1-650 


1-646 


1-542 


1-538 


f534 


1-630 


1-536 


1-531 


1-653 


1-B18 


1-544 


1-540 


1-836 


1-532 


1-528 


1-524 


1-520 


1-516 


1-513 


1-B43 


1-538 


1-5S1 


1-530 


1-628 


1-623 


1-618 


1-614 


1-5I0 


1-50C 


1-603 


1-E33 


1-628 


1-524 


1-520 


1-516 


1-612 


1-508 


1-504 


1500 


1-497 


1-493 


1-533 


1616 


1-514 


1-510 


1-506 


1-502 


1-408 


1-494 


1-490 


1-486 


1-482 


1-613 


1-508 


1-504 


1-500 


1-496 


1-492 


1-488 


1-434 


1-480 


1-476 


1-473 


1-603 


1-498 


1-491 


1-490 


1-488 


1-482 


1-478 


1-474 


1-470 


1-466 


1-463 


1-493 


1-488 


1-481 


1-480 


1-476 


1-473 


1-488 


1-466 


1-461 


1-457 


1-463 


1-483 


1-478 


1-474 


1-470 


1-406 


1-402 


1-458 


1-455 


1-461 


1-447 


1-443 


1-473 


1-468 


1-461 


1-460 


1-456 


1452 


\-S 


1-445 


1-443 


1-438 


1-434 


1-402 


1-458 


1-451 


1-450 


1-446 


1-442 


1-436 


1-432 


1-439 


1-436 


1-458 


1-448 


1-444 


1-410 


1-436 


1-432 


1-429 


1-426 


1-433 


1-430 


1-416 


1 1-442 

^ 1-483 


1-438 


1-434 


1-430 


1-428 


1-423 


1-419 


1-416 


1413 


1-409 


1-405 


1-428 


1-424 


1-430 


1-416 


1418 




1-406 


1-402 




1-394 


, 1-423 


1-418 


1-414 


l-4i0 


1-400 


1-408 


1-399 


1-306 


1-392 


1-388 


1-384 


1-412 


1-408 


1-404 


1-400 


1-396 


1-393 




1-386 




1-378 


1-874 


1-403 


1-398 


1-394 


1390 


1-386 


1-388 


1-379 


1-373 


1-372 


1-368 


1-864 


1-392 




1-381 


1-380 


1-376 


1373 


1-370 


1-363 


1-363 


1-359 


1-365 


• 1-383 


l;378 


1-374 


1-870 


1-366 




1-360 


1-352 


1-353 


1-349 


1-346 


1-372 




1-3B4 


1S60 


1-356 


1-853 


1-350 


1-344 


1-344 


1-340 


1336 


1-863 


1-358 


1-351 


1-350 


1-346 




1-340 


1-331 


1-3*4 


1-830 


1-836 


^^^ri 



^^^^v 




1 


■ 


t-TABLE FOE EEDUCaNG THE SPBCIPrC OBAVITIES OP 


sdlTV 


PHOBIC ACID OP VAEIOUS STEENGTHS 


TO ANY OTHEB ■ 


TEMPEBATDKE (DEGEEE3 C.).-Contin«ed. 






_ ■ 


K- 


«■ 


86- 


V 


76- 


^- 


iff 


~^ 


9i- 


,<». 1 


1-801 


1-796 


1-792 


1-787 


1-783 


1-778 


1-774 


1770 


1-706 


1763 


i7ao 


17fl7 


1781 


1-776 




770 


1766 


1-763 


1757 


1762 


l-7« 


1773 


1774 


1-7BB 


1-764 




759 


1754 


1-749 


1-741 


1-739 


1-734 


1-767 


1763 


1757 


1-752 




717 




1-736 


1781 


1-736 


1781 _ 


1755 


1-750 


1-744 


1-739 




734 


1-729 


1731 


1719 


1-714 


1706 ■ 


-746 


1-741 


1-736 


1730 




725 


1-720 


1-715 


1-710 


1-705 


1700 ■ 


■736 


1-731 


1726 


1-721 




716 


1713 


1-707 


1702 


1-697 


1-693 ■ 


727 


1-723 


1-717 


1-712 




707 


1702 


1697 


1-693 


I'688 


1-683 ■ 


■718 


1-713 


1-708 


1-703 




698 


1-693 


1-683 


1-681 


1-679 


1-671 ■ 


■710 


1-705 


1-700 


1-195 




099 


r68& 


1-681 


1-678 


1-671 


1-667 ■ 


1702 


1-697 


1-693 


1.688 






1-678 


1-674 


1669 


1-664 


1-660 M 


1-692 


i-6br 


1-683 


1-678 




673 


1'668 


1-664 


1-659 


1-654 


1-650 ■ 


1-683 


1-677 


1-673 


1-608 




G63 


1-659 


1-^ 


1-619 


1-044 


1'610 V 


1-673 


1-667 


1-663 


1-658 




653 


1*49 


1-644 


1-639 


1'6S5 


1030 ■ 


1-662 


r657 


1-65S 


1-648 




644 


1-639 


1-634 


1'630 


1-625 


1-630 


lffi2 


1-647 


1-642 


1-638 




634 


1'630 


1-625 


1-620 


1-616 


1-610 


1-612 


i-es7 


1-633 


1-628 




624 


1630 


1-615 




1-606 


)603 


1638 




1823 


1-619 




615 


1-eii 


1606 


1-602 


1-597 


1-593 


1-623 


1-619 


1-614 


1-610 




GOG 


1-603 


1-697 


1-693 


1-588 


1-581 


1-614 


1-610 


1-605 


1-600 




696 


1-593 


1-5S3 


1-583 


1-579 


1-576 


1-604 


1-600 


1-596 


1-591 




586 


1-683 


1'678 


1'674 


1-570 


1-565 


loM 


1590 


1-686 


1-581 




577 


-573 


1-569 


565 


1-561 


1-558 


vm 


1-560 


1-576 


1-672 




668 


-561 


1600 


■656 


1-553 


1-547 


1-574 


1-570 


1-566 


1-563 




558 


■554 


1-550 


■646 


1-613 


1-537 


1-564 


1-560 


rsBfl 


1-663 




518 


-644 


1-510 


-536 


1'531 


1-537 


1-554 


1-550 


1-545 


1-641 




537 


1-533 


1-529 


1-525 


I-52I 


I-SIB- 


1^514 


1-5S9 


1-535 


1-531 




527 


1-523 


1-519 


1-515 


1-510 


I-60S 


1-535 


1-531 


1-526 


1-533 




518 


1-513 


1-509 


1-505 


1-501 


I'49S 


1586 


1-523 


1-517 


1-513 




609 


1-501 


1-500 


1496 


I-492 


1487 


1-517 


1-513 


1-509 


1-504 




500 


1-496 


1-491 


1-487 


1-4S3 


1-478 


1-soa 


1-504 


1-500 


1-495 




491 


1-486 


1-482 


1-478 


1173 


1'4W 


1-488 


1-491 


1-490 


1-485 




481 


1-476 


1-473 


1'46S 


1'463 


1-45S 


1468 




1-180 


1-476 




472 


1-467 


1-462 


1-453 


1-453 


l-4« 


1-478 


1-474 


1-470 


i-4oa 




163 


l-«7 


1-462 


1418 


1-448 


1-438 


1-46S 


1-464 


1-400 


1-455 




161 


1-440 


1-442 


1-438 


1-433 


113S 


1-456 


1454 


1-450 


1-413 




411 


1-437 


1-433 


1-430 


1-434 


1-419 


1-41S 


1-445 




1-436 




433 


1-428 


1-434 


1-419 


1111 


1-410 


1-430 


1'435 


l-4:il 


1127 




123 


1-418 


1-414 


1-409 


M05 


1-401 


i-«o 


1-426 


1-423 


1-418 




118 


1-109 






1-396 


1-393 


1-421 


1-417 


1-413 


1-109 




404 


1-400 


1396 


1-891 


1-387 


1-383 


1-412 


1-407 


1-403 


1-899 




395 


1-391 


1-386 


1-382 


1-378 


1-374 


1-401 


1-397 


1-S'J3 


1-389 




3S5 


1-380 


l'37fl 


1-372 


1-368 


]-364 


1-390 


1-386 


1-382 


1-378 


1-371 


1-370 


1-366 


1-363 


1-35S 


1-363 


1-SSO 


1-376 


1-873 


1-868 


1361 


1-360 


1-356 


1-353 


1-348 


1-343 


1-370 


1-366 


l'3fi3 


1-358 


1-351 


1-850 


I-3'IO 


1-313 


1-33S 


1-338 


I'seo 


1-356 


1-353 


1343 














i-asi 


1346 


1-342 


1-338 














1-842 


1-387 


1-331 


1-329 














1-932 


1327 


1-333 


1-319 














1-322 


1-317 


l-3il 


1-310 


— 


— 


— 


— 


— 


— 


m. 1 



107 



4. — TABLE FOR EEDUCING THE SPECIFIC GRAVITIES OP 
SULPHaRIC ACID OF VARIOUS STRENGTHS TO ANY OUHER 
TEMPERATURE (DEGREES GX—Vontinued. 



cr 



1-852 
VUl 
1-330 
1-320 
1-310 

1-300 
1-290 
1-280 
1-270 
1'860 

1-250 
1-240 
1-230 
1-220 
1-210 

1-200 
1-190 
1-180 
1-169 
1-159 

1-149 
1-13S 
1-128 
1-118 
1-108 

1-098 
1-088 
1-078 
1-068 
1-058 

1-048 
1-038 
1-038 

roi8 



10' 



1-348 
1-337 
1-326 
1-316 
1-306 

1-296 
1-286 
1-276 
1-266 
1-256 

1-246 
1-236 
1-226 
1-216 
1-206 

1-196 
1-186 
1-176 
1-166 
1-156 

1-146 
1-135 
1-125 
1115 
1-105 

1-095 
1085 
1075 
1-065 
1-055 

1-045 
1035 
1-025 I 
1-015 I 



1-344 
1-333 
1-323 
1-313 
1-303 

1-293 
1-283 
1-273 
1-203 
1-253 

1-243 
1-S33 
1-223 
1-213 
1-203 

1-193 
1-183 
1-173 
1-163 
1-153 

1143 
1-133 
1-123 
1113 
1-108 

1098 
1063 
1073 
1-063 
1053 

1048 
1-033 
1-023 
1-013 



W 



1-340 
1-330 
1-320 
1-310 
1-300 

1-290 
1-280 
1-270 
1-260 
1-250 

1-240 
1-230 
1-220 
1-210 
1-200 

1-190 
1180 
1-170 
1-160 
1150 

1-140 
1-180 
1-120 
1-110 
1-100 

1090 
1-080 
1-070 
1060 
1-050 

1040 
1030 
1020 
1010 



»!• 



26' 



1-836 
1-327 
1-317 
1-307 
1-297 

1-237 
1-277 
1-267 
1-257 
1-247 

1-237 
1-227 
1-217 
1-206 
1-190 

1-186 
1-176 
1-166 
1-157 
1147 

1-187 
1-127 
1-118 
1-108 
1-097 

1087 
1077 
1067 
1-057 
1047 

1-087 
1027 
lOlT- 
1007 



1-838 
1-824 
1-814 
1-804 
1-294 

1-284 
1-274 
1-264 
1-254 
1-244 

1-234 
1-224 
1-214 
1*204 
1-193 

1-183 
1-173 
1-163 
1-158 
1-143 

1-134 
1125 
1-115 
1105 
1094 

1084 
1074 
1-064 
1054 
1044 

1-084 
1024 
1-014 
1004 



80' 



1-830 
1-821 
1-811 
1-801 
1-291 

1-280 
1-270 
l-2<50 
1-261 
1-241 

1-230 
1-220 
1-210 
1-200 
1-190 

1-180 
1-170 
1-160 
1160 
1-140 

1-181 
1-122 
1-112 
1-102 
1-092 

1082 
1-072 
1-062 
1052 
1042 

1-082 
1022 
1012 
1-002 



W 



1-827 
1-818 
1-808 
1-298 
1-288 

1-277 
1-267 
1-267 
1-248 
1-238 

1-227 
1-217 
1-207 
1-197 
1-186 

1-170 
1-166 
1-166 
1-147 
1187 

1-128 
1119 
1110 
1100 
1090 

1080 
1-070 
V060 
1050 
1040 

1030 
1-020 
1010 
1000 



40* 

1-824 
1-814 
IdO-l 
l'29*i 
1*284 

1*2/4 
1*204 
1*254 
1-245 
1-235 

l*22'l 
1-214 
1204 
1-104 
1-183 

1-178 
1-1«3 
1-153 
1144 
1134 

1126 
1-116 
1-107 
1-097 
1'087 

1077 
1067 
1067 
l-04« 
1088 

1028 

1018 

1'(KI8 

; 0-998 



45* 



1*820 
I'dlO 
1*801 
1*291 
1*281 

1*270 
1*260 
1*260 
1*241 
1-231 

1*220 
1-210 
1*200 
1*190 
1*180 

I'lOO 
ri69 
1*149 
1*141 
1-181 

1122 
1*113 
1*104 
1-094 
1-084 

1*074 
1*004 
1-064 
1-044 
1-084 

1'024 
1014 
l<m 
(r9iH 



W 



1-810 
1*800 

vm 

l'2t»7 
1-277 

1*267 
1*250 
1*210 
1*287 
1*227 

1*217 
1*207 
1*197 
I'W 

im 

1166 
1*166 
1*146 
1188 
n2S 

1*119 
I'llO 
1102 
1*092 
1*082 

1072 
1'062 
1*062 
1*042 
1082 

1022 
1012 

irW2 



^—FREEZING AND MELTING POINTS OF SULPHURIC ACID.* 



Spee. Grar. at 15*. 


Freezing poii^ 


Keltinff ptAiA, 


1*671 


Liquid ftt'dCr* 




1-091 


Liquid Mt-ifJf' 


— ' 


1712 


Liquid «t-af 


— ' 


1-727 


-7-r 


-7'5* 


1-782 


-8-5 


-8-5 


1-749 


-0^3 


+ 4-5 


1-707 


+1-0 


+^'5 


1-778 


+8-5 


+ ^ 


1-7W 


+4-5 


+ **'0 


1-807 


•INI 


-«i> 


1-822 


Liqudai'W 


— 


1-810 


Liquid ai'AT 

t 





jMmgt,BmUU€4L4imUaL 



Gm^UfflB. 



4.-TABLE FOE KEDUCING THE SPECIPJC GBAVITIES OF 
SULPHUEIC ACID OF VAEIOUS STBENGTHS TO ANY 
OTHEB TEMPEHATUBE (DEGEEES C.). -Continued. 



M- 


CO' 


85" 


70' 


7»" 


80- 


SS" 


»• 


95' 


100" 


1-813 
1-302 
1-293 

1-2S3 
1-373 
1'263 
1-352 
1-243 
1-233 
1-323 

1-aio 

1-21H 

riBi 
i-ias 

i-ira 
i-iM 

1-153 
1-143 
1-133 
1-125 
1-116 
1-107 
1-099 
1-080 
1-079 

1-ora 

1058 
1-049 
1-036 
1-OBB 
1-010 
1-009 
0-909 
0-968 


1-308 
1-298 
1-380 
1-279 
1-309 
1-250 
1-248 
1-238 
1321 
1-2U 
1-209 
1-200 
1-190 
1-179 
1-108 
1-158 
1148 
1-139 
1-131 
1-123 
1-118 
1-101 
109G 
l-OSC 
1075 
lOGo 
1-055 
1-045 
1-0J5 
1-025 
0-015 
1-005 


1-3(U 
1-294 
1-281 
1-374 
1-205 
1-355 
1-244 
1-234 
1-231 
1-314 
1-301 
1-195 
1-185 
1-175 
1-1U4 
1-154 

1-135 
1-127 
1-118 
1-109 
1-100 
1-093 

1-osa 

1-072 
1-062 
1-053 
1013 
1-032 
1-023 
1-013 
1-003 
0-993 
0-983 


1-SOO 
1-290 
1-330 
1-370 
1-260 
1-250 
1-240 
1-230 
1-220 
1-210 
1-300 
1-190 
1160 
1170 
1100 
1-150 
1-UO 
1-131 
1-123 
1-1J4 
1-108 
1-097 
1-088 
1-078 
1-008 
1-058 
1-048 
1-038 
1-038 
1-018 
1008 

0-988 
0-978 
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E 


E 


E 


E 


E 
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POINTS 


OF SULPHURIC ACID. 






(Lunge, Ber. d. d. chem 


C«. 11,870.) 
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Gr, 
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SO.H. 


..r. 




5 


1-031 


inr 


66 


1-439 


133^ 


83 1 


758 


318-5'' 


10 


1-009 












84 1 






15 


1107 


303-5 


62-5 




5.-M) 


147 


86 1 


("1 


338-B 


20 




105 


C5 




i57 


153-5 


88 1 




351-5 






















30 


1-234 


108 


70 




1115 


170 


91 1 


<3I 


368 


35 


1-305 


100 






m* 


174-5 


92 1 




374-6 






















43 


1353 


118-5 


76 


1-688 


189 


91 1 


<37 


288-6 


50 


1-390 








199 


93 1 


■HO 


295 






138-5 


80 


1-733 


307 










Monohjdrate {100;i) boils at 838' (Marigiioc). 
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7.— PERCENTAGE OF SO3 IN NORDHAUSEN OIL OF VITRIOL. 



Fonnd by 


Contains per 


Found by 


Contains ^er 


Fonnd by 


Contains per 


Titrating 


cent. 


Titrating 


cent. 


Titrating 


cent. 


SO, 


SO^H, 


SO, 


SO, 


SO*H, 


SO, 


SO, 


SO^H, 


SO, 


81-6326 


100 





87-8775 


66 


84 


93-9387 


33 


67 


81-8163 


99 


1 


88-0612 


65 


35 


94-1224 


32 


68 


82-0000 


98 


2 


88-2448 


64 


86 


94-3061 


31 


69 


82-1836 


97 


3 


88-4285 


63 


37 


94-4897 


30 


70 


82-3674 


96 


4 


88-6122 


62 


88 


94-6734 


29 


71 


82-5510 


95 


5 


88-7959 


61 


39 


94-8571 


28 


72 


82-7346 


94 


6 


88-9795 


60 


40 


95-0408 


27 


73 


82-9183 


93 


7 


89-1632 


59 


41 


95-2244 


26 


74 


83-1020 


92 


8 


89-3469 


58 


42 


95-4081 


25 




83-2857 


91 


9 


89-5306 


57 


43 


95-5918 


24 




83-4693 


90 


10 


89-7142 


56 


44 


95-7755 


23 




83-6530 


89 


11 


89-8979 


55 


45 


95-9591 


22 




83-8367 


88 


12 


90-0816 


54 


46 


96-1428 


21 


— 


84-0204 


87 


13 


90-2653 


53 


47 


96-3265 


20 




84-2040 


86 


14 


90-4489 


52 


48 


96-5102 


19 


— 


84-3877 


85 


15 


90-6326 


51 


49 


96-6938 


18 


^^^ 


84-5714 


84 


16 


90-8168 


50 


50 


96-8775 


17 


^— 


84-7551 


83 


17 


91-0000 


49 


51 


97-0612 


16 


— 


84-9387 


82 


18 


91-1836 


48 


52 


97-2448 


15 


— 


85-1224 


81 


19 


91-3673 


47 


53 


97-4285 


14 


— 


^•3061 


80 


20 


91-5510 


46 


54 


97-6122 


13 


_ 


85-4897 


79 


21 


91-7346 


45 


55 


97-7959 


12 


— 


85-6734 


78 


22 


91-9183 


44 


56 


97-9795 


11 


^ 


85-8571 


77 


23 


92-1020 


48 


57 


98-1632 


10 


^ 


-86-0408 


76 


24 


92-2857 


42 


58 


98-3469 


9 


— 


86-2244 


75 


25 


92-4093 


41 


59 


98-5306 


8 


___ 


86-4081 


74 


26 


92-6530 


40 


60 


98-7142 


7 


— 


86-5918 


73 


27 


92-8367 


39 


61 


98-8979 


6 


— 


86-7755 


72 


28 


93-0204 


38 


62 


99-0816 


5 


— 


86-9591 


71 


29 


93-2040 


37 


63 


99-2653 


4 


— 


87-1428 


70 


30 


93-3877 


36 


64 


99-4489 


3 




87-3265 


69 


81 


93-5714 


85 


65 


99-6326 


2 


— 


87-5102 


68 


32 


93-7551 


84 


66 


99-8163 


1 


— 


87-6988 


67 


33 
















is OLiule by titrating a meaaured Tolniue by standard Eoda solution. Tha 
rEBulta are always expressed in per oeut. of monohydrated anlphnrio acid 
(hydrogen sulphate, H^O,) hy weight. The speoiGc gravity of the acid is 
token with a hydrometer. Tms is called x. Take lOc.c, of the acid with im 
accurate pipette, dilate to lOOc.c, and take again lOcc. of this for titratioii. 
For yerj accurate reslitts it is preferable to weigh the quantity of aoid to be 
t«et«d in a glass-oock tube, fig. 8 (comp. in/ra, No. 9j, and employ the whole 
quantity weighed for titration. If the number of cubic centimetres of Tjormal 
soda solution (=i>OSlgr. Nb,0 per cubic oantimetre consoiaed) is called p, 
the percentage of the acid is 



The normal Boda solution ia standardized with normal hydrochloric aoid 
(OflSKigr. of HCl per cobio centimetre), and the latter witli pure sodium 
carbonate, which thus forms the foundation of alkalimetry and acidimetry. 
(Compare the Appendix.) If the sulphuric acid to be tested contains an 
appreciable quantity of nitrous acid, methyl-onui^e cannot be employed aa 
indicator, unless the nitrous acid is previously oxidized by potaaaiuin per- 



8.— EXAMINATION OF SULPHURIC ACID FOE OTHEE 
SUBSTANCES. 

(a) NUrouK Acid is titrated with semi-normal pemiaDganate. (Prepara-- 
tion in the Appendix.) This can be done without loss of NO when manipu- 
lating, aa follows (Lunge, Berliner BericliU x. 1075) : Put the nitrous vitriol 
into a burette fitted with a ^lass tap, and run it slowly into a measured 
qnantity of permanganate, diluted with 5 times its volume of tepid wa 
(80° C. to *T C), and constantly agitate, till the colour just vaniahes. Each 
onhia centimetre of the permanganate indioates OOOSSgrm. NjOn henc« 
more or less of it is employed, according to whether an acid containing mora 
or leas N|Og is titrated. Por chamber acid employ at moat 5c.c. ; for good 
Gay'Lnssac acid up to 50c.c. of permanganate. If the quantity of perman- 
ganate is called X, and that of the vitriol consumed for decolorizing it g, the 
quantity of NjOj present in grammes per litre of acid is 

9-5ai 



NaNO,=f^:^ 

The following tahle saves the calculation for all cases in which a:=50. The 
column J/ gives the number of cubis ctntimetrea of nitrous vitriol used, a 
the percentage in grammes per litre, and 6 th» percentage by weight for acid 
rf IW° Tw, (For other strengtlis the percentage by weight is calculated by 
dividing tiie figures of column n by 10 x specific gravity.) 



Ill 



TABLE FOB ESTIICATINQ NITBOUS YITBIOL. 

Employ 50c.c. of semi-normal permanganate. The results are expressed 
as NO3H and NOgNa. The column y refers to acid of 140° Tw. as unit : — 



'd 




1 




1 


• 

'd 




1 






2 

3 


NO,H 


NO.Na 


(0 

g 


NO,H 


NO.Na 






a 


b 


a 


h 


a 


b 


a 


b 


V 
c.c. 


fr. per 


Per 


p. per 


Per 




g. per 


Per 


litre. 


Per 


Liire. 


cent. 


liitre. 


cent. 


V 
C.C. 


Litre. 


cent. 


cent. 


10 


78-8 


4-62 


106-2 


6-22 


36 


21-9 


1-28 


29-5 


1-73 


11 


71-6 


4-20 


96-5 


5*65 


37 


21-3 


1-25 


28-7 


1-68 


12 


65-7 


3-85 


88-5 


5-18 


38 


20-7 


1-21 


28-0 


1-64 


13 


60-6 


3-55 


81-7 


4-78 


39 


20-2 


1-18 


27-3 


1-60 


14 


56-2 


3-28 


75-9 


4-44 


40 


19-7 


1-15 


26-6 


1-56 


15 


52-5 


3-07 


70-8 


4-14 


41 


19-2 


1-12 


25-9 


1-52 


16 


49-3 


2-89 


66-4 


3-91 


42 


18-8 


MO 


25-3 


1-48 


17 


46-3 


2-71 


62-5 


3-65 


43 


18-3 


1-07 


24-7 


1-45 


18 


43-7 


2-56 


59-0 


3-45 


44 


17-9 


1-05 


24-2 


1-42 


19 


41-5 


2-43 


55-9 


3-27 


45 


17-5 


1-02 


23-6 


1-38 


20 


39-3 


2-30 


53-1 


3-11 


46 


17-1 


1-00 


23-1 


1-35 


21 


37-5 


2-19 


50-6 


2-96 


47 


16-8 


0-98 


22-6 


1-32 


22 


35-7 


2-09 


48-3 


2-82 


48 


16-4 


0-96 


22-2 


1-30 


23 


^•2 


2-00 


46-3 


2-71 


49 


16-1 


0-94 


21-7 


1-27 


24 


32-8 


1-92 


44-4 


2-60 


50 


15-8 


0-925 


21-3 


1-25 


25 


31-5 


1-84 


42-5 


2-49 


55 


14-4 


0-835 


19-3 


1-13 


26 


30-3 


1-77 


40-8 


2-89 


60 


13-1 


0-765 


17-7 


1-04 


27 


29-1 


1-71 


39-4 


2-30 


65 


12-1 


0-705 


16-4 


0-96 


28 


28-1 


1-64 


38-0 


222 


70 


11-2 


0-655 


15-2 


0-89 


29 


27-1 


1-58 


36-7 


2-15 


75 


10-5 


0-615 


14-15 


0-827 


80 


26-3 


1-54 


35-5 


2-08 


80 


9-85 


0-575 


13-3 


0-778 


31 


25-5 


1-49 


34-3 


2-01 


85 


9-2 


0-538 


12-5 


0-730 


32 


24-6 


1-44 


33-3 


1-95 


90 


8-7 


0-510 


11-8 


0-692 


33 


23-9 


1-40 


32-3 


1-89 


95 


8-3 


0-485 


11-2 


0-655 


34 


23-2 


1-36 


31-3 


1-84 


100 


7-9 


0-462 


10-6 


0-620 


35 


22-5 


1-32 


30-4 


1-78 













N.B.— The figures in colomn a also indicate O'Ollb. avoirdnpois per gallon, or nearlj 
oances per cubic foot. 

(6) Total Nitrogen Acids, — These are contained in sulphuric acid as N3O 3 
or more properly as nitroeo-sulphuric acid, S02(0H)(0N0), and NO3H. NO 
can be present only in minute quantity, and not at all when NOsH is 
present. N2O4 is decomposed by sulphuric acid into nitrosulphuric and 
nitric acid. The estimation made according to a only indicates NgOs. The 
total of the nitrogen acids is converted into NO by shaking up the nitrous 
vitriol with mercury ; the quantity of NO formed is estimated by volume 
(Orum's reaction). This is done by Lunge's nitrometer (compare Lunge's 
*' Sulphuric Acid and Alkali," 2nd ed. i., 181). Fill the graduated limb a 
with mercury by raising the level tube 6; put the thr^way cock in the 
position of communicating with none of the openings ; run the nitrous acid 



ktlkktoponisot «fitimft Ic^. pipette graduated in TSg<^c., empIoTing 
■04o.e- of Vfty strMigibut up to 5c^. of veiy weak nitrous vitriol; Mw«r 
■pml ttttWj open tbe ojck cvnJully so that Uie vitriol runs down withiout 
E^r «nteruig; pour :i or 9c.c of pure strong eaJphvuic acid, entirely free 
_SKBlWoB«t> compounds, into the cup; MtbiBocid enter the nitrometer, 
vai npot tbs wuhin^ of tbv cup with I or 2cc of pure acid. Start tha 
CVOlttUoa ot gH by teking the tubs a oat ot the clamp, inclining it several 
tllOM ftllttoat to tM bnnioDtal line, and suddenly rightiiig it a-guin, eo that 
morauiT Uid Mid «« w«ll mistd ; shake one or two minates till no more 
ma ll vYolved. PUoe the tubv^ 90 that the mercury in 6 is as much highec 
UHwIfakt in* aaian^niKd tv balancing the acid ina; this will ta^e Imm. 
of Kg tor 61mnL of teti. An exact test can only be ffoduced when the gas 
baa tkkMi UM tampentiura of the room and all Eroth has subsided. Bead 
nff lh« vatOffis of lbs gas, also a thermometer hting up close by, and a 
faMWelrr. In otder to ohei^k the lerelling, opi^n thu cock, when the level 
of • abould not ohan^ If it ris^ too much pi-eaeure has been given, and 
the rakdfng moM be incmaed a little, aay O-lcc. If it sinks, the opposite 
— ._> >_»._ ^,__^ j^ _!_.,,_ :,. *».« ^-.-,-^.t^ .»..,». «^ «k.» -v„, — g of ' 



mint taka plaoe, i^ always in the opposite a 



With adivit t 



o the ehaoge of leyeL 



Iter , o|Kn tuQ tap, laiaf uie tuoe o, iutkc Lnud ijje gas ana 
» cup, aod pat the tap so that the acid flows througli its 1 
held below ; the last of it is drawn out by blotting pa] 
er is then ready for the next e^ierimeut. A test must alwi 
be made to ece whether the slaas tap is gas-tight. It will hardly remain so 
without greoHiig it occaaiuniJly with Tkseline; bat this ou^ht to lib done very 
•]ightl.v, BO as to avoid any grease getting into the bore ; for if the grease oomes 
inoontact with acid, troubW>me froth is formed. This process is interfered 
with by tlie presence of sulphurous acid, the best test for which is the smell. 
To remove it, the acid is stirred up with a very slight quantity of powdered 
potassium permanganato. Any great excess of this makes the process very 
troublesime and inaccurate. The volume of NO read off is rednced to 0° G. 
and TGOmm. (82" F, and 29-92iii.) by means of the tables, pagvs 20 and 21 or 
81b and calculated for the nitrogen compounds present bv the following 
table, in which colnnin a means milligrammes, 6 per cent, by weight when 
employing Ice acid of 140° Tw. 
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The redaction to 0° and 760 mm, can be effected withont thermometer and 
barometer, and without the nse of any tablea, by means of Lunge's Gas- 
volumeter, Fig. 8, It coDBists of the gas-measuring tube, A, the reduction- 




tube, B, and the level-tube, C, all coimeoted by very thick elastic tubing, 
with the three-way tube, a. B and C are held in two arms of the same 
damp, so aa to be each individually movable in its own ami, or both, 
together by meana of the common olamp. Tube B is graduated froin 100 to 
130 c.c, and contains a volnme of air equal to that which 100 c.c. of dry air 
occupy at 0° and 760 mm. This is obttdned by taking, once for all, a reading 
of the thermometer and the barometer, caloolating wh^t would be the volume 
of 100 c.c. of dry air of 0° and 760 mm. under the atmospheric conditions 
just observed, pouring mercury into C, till it stands in tube B at the 
volume just calculated (after introducing one or two drops of strong sul- 
phuric acid into tube B), and sealiug the capillary end b, taking caru lest 
the air in B should get heated and espand during this operation. After 
thuB enclosing the before-mentioned esact volume of air in tube B, the 
instrument is ready lor use for an indefinite time. Tube A might be an 
ordinary nitrometer with three-way tap and fuimela ; it ia, however, best 
employed merely as a gas-meaauring tube, whilst a special reaction veaael, 
D, wiUi ita own level tube, E, serves for treating the nitrous vitriol (or 
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nitrate of soda, etc., 89 the casa may be). D is a -vesasl, holding nTKnit 
150 ex., provided with the three-way tap, funnel, and outlet-tube of the old 
Lunge'a nitrometer. By raising E, the veHsel D is completely filled with 
mercury, tiU thia begins to run out at c. The tap / ia shut, the end of c is 
closed, by a glass or indiarubber cap, funnel d is charged with nitrooa ' 
vitriol ; this is sucked into D, and the decomposition is brought about IB « 
the usual manner by shaking the vitriol with the mercury, to evolve all 'I 
the nitrogen actda in the shape of NO. Now the tubtds D and A araa 
broi^ht opposite to each other (A having been previously filled, by raisinjr 3 
C, with mercury till it Sows out ate); c and e are joinea by a short bit tx 9 
indiambber tobing, till tbey toocb, so tliat no air remains in the spaceJ 
between; C is lowered ; E i9 raised, and by cautiously opening tap/, the KO J 
contained in D is transteired into A. As soon as all the gas is within A, ^ 
and the acid following it liaa filled the narrow tube e, tap g is shut. Now 
tube is raised till the mercury in B has risen to the mark 100, and B and 
C are simultaneously moved up or down, as the case may require it, till the 
mercurial levels in A and B coincide, that is B being still at 100 c.c. 
Since the air in B is now compressed to the point which it would ocejtpy in 
the dry state at 0° and 760 ntm., and the gas in A is placed under exactly 
the same pressure (the temperature of these two parallel tubes being pra- 
sumably alike), the reading in A shows the NO at once reduced '■- "-* 
same conditions of 0" and 760 mm. 

Qualitative Test for Traces of Nitrogen Acid.— Ibis is beat done by 
of diphenylamine. Dissolve a few grammes of diphenylamine in 100 parts 
of pure sulphuric acid, Thia should be completely free from N compounds, 
and can be obtained, if not at hand^ by boiling with a trace of ammonium 
Bulphat«. Dilute the acid with j^tb volume of water before dissolving the 
diphenylamine. Pour about 2 c.c. of the vitriol to be tested into a teat tube, 
and nm about 1 ex. of the diphenylamine solution upon it, so that the 
layers mix only gradually. In the case of dilute acids, or other lighteri 
liquids, proceed in the opposite manner. The slightest traces of nitrogen 
acids are proved by the appearance of a brilliant blue colour "~ "" ' 

contact of both liquids. 

This test, however, fails in the presence of selenium (which can be recog- 
nisid by adding to the acid a strong solution of ferrous sulphate, when A 
brownish-red precipitate will make its appearance, which cannot be con- 
founded with the colour produced by NO). In this case the nitrogen acid« 
must be sought for by adding a solution of bratme sulphate, which in their 
presence produces a red colour. 

(c) lamination for Lead. — Dilute the acid, if concentrated, witb the 
same volume of water and twice its volume of alcohol. Allow the raixtuM , 
to stand for some time, filter any precipitate of PbSO,, wash it with dilut* 
alcohol, and dry and ignite in a porcelain crucible, burning the filtaf 
separately. Igr. PbSO,=0- 68317 gr. 

(rf) Examination for Iron. — Boil the acid, if free from nitrogen, with ft 



drop of ni trio acid to peroxi 
and add solution of potassi 
-' -"--- If there - 



xidize the iron. Dilute a little, allow to 
\ sulpbocyanide. A red colour proves 
lot too little of it, it can be quantitativi 
estimated in another sample by heating with pure zinc (free from iro 
pouring off the zinc, washing the latter, allowing to cool, and titrating wit 
permanganate. This is best employed as ^ib normal, indicating 0'""'" ~ 
Fe per cubio centimetre. Not less tlian 60o.c. of i ' ' '" "" '~ 
thia t<»t, as the acid generally contains very little 




da should be 





Thia is either weighud in glass bulbs or in a gloss-tap tube. The fonner 
we very thin bulbs of about 2 cm. diameter, ending ea:c!i wayin a oapillair 
tube. Melt the acid, if solid, till it is just oompletely homogeneous, and sui^ 
^ 6 grms. of it into the bulb, which ought to be lialf filled with it. 

The sucking is best done by means of a bottle closed with an indianibber 
corh, through which passes a tightlj-ficting glass tap, connected at its free 
end with an elastic tnba Suction is appli^ ^a the latter, the tap ia closed, 
the elaatie tube is drawn over one of the capillary enda of the weighing 
bulb, and by opening the tap a sufficient quantity of acid is admitted 
into the bulb. The tube is cleaned, and one d the capillary ends is sealed 
at the lajnp. The other end can be left open without fear of any loss of SO3 
or attraction of moisture during weighing. The weighinft is best done on a 
small platinum crucible with two niclts, on which the ends of the bulb can 
rest. If the latter should be a<u:identally broken, the acid runs into the 
crucible, not on the balance. Pat the bulb, after weighing, open end down- 
wards into a small Erlenmeyer flask, into the neck of which it ought to fit 
exactly (Fig. 9J, and which contains so much water that Uie capillary tube 



ki 



dips pretty far into it, to prevent any loss of SOa on mixing the acid with 
water. Break off the other point, allow the acid to run out, squirt a few 
drops of water into the upper capillary, and ultimately rinse the whole 
bulb tube by repeated aspiration of wat^. Dilute the liquid to 500 0.0. and 
take 50 o.c. for each teat. This is done with J normal soda solution (Ic c.= 
0-008 grm. SOa), B,nA litmus or methyl-orange as indicator. The acidity 
found is diminished by that proceeding from SOj, and found by titrating 



& Bey's glass-tap pipette, Fig. 10. Shut the lower tap c, open the npper tap 
o, apply suction jwith the mouth) at d, and shut a whilst sucking. Im- 
merse the point e m the acid to be tested, and open c ; the partial vacuum 
in bulb b aufliees for drawing up enough acid, which must not be allowed 
to reach the tap c. Shut c, clean the point e, put the pipette in the outer 
glass f, and weigh. Take the pipette out of /, place it point downwards in 
water, or, in the case of the strongest Nordhausen acids, in a layer of crys- 
tallized, coarsely powdered sodium sulphate, and slowly run out the con- 
tents. Then sijuirt. some water from above into b, allow to stand for b 
moment, and rinse thoroughly with water. If only O-Sgrm. to Igrm. r 



nd 




avoided when a larger quantity of aeid baa been weigbed. AnhydTidai,! 
etc., once melted for the purpose o£ filling the tube rtmaina liquid loog;V 
enougb to oompleta the weighing and running out without requiring tOil 
be heated again. Solid anhydride 13 best liissolved in monohydrated aoiS' ■ 
OB takJDg out the samples aa will be desiiribtd in the Appendix. 

3.-SALTCAKE AND HYDROCHLORIO ACID. 

A.— SALT (COMMON SALT, EOCK-SALTJ. 

1, Moialvre. — Ignite 5gnns.of salt in a covered platinum crucible (tea 
prevent projections) ; heat first quite gradually, then for some minutea up tft 

a low red heat. 

2. Insduhle. — Dissolve 5 grms., filter the insoluble matter, wash, dry, and. 
ignite the same. 

8. Chlorine. — Weigh off B-ffi grms. of the moist salt, dissolve it, and 
dilute up to 500 e.c. ; take out 2d c.c. by means of a pipette ; add so mueh 
L'f a solutiou of neutral Dotassium cbromate that the liquid is distinctly 
yellow, and titrate with decinormal silver solution (refer to Appendix), Ada 
the silver solution from a 60 o.o. btirette, till the precipitate, even after 
rotation, shows a distinct but faint pink colour. tPi c.c. la deducted from 
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tlie number of cnbio oeiitinietres of silver solution employed, as beinij 
required for producing the colour. The remainder, multiplied by 2, 
iiidicatea the percentage of NaCl in the salt. 

4. Lime. — Dissolve 5 grms. of the salt in water, in case of need with the 
aid of a little HCl. When analyzing impure rock-aalt the treatment with 
dilute HCl must be continued for some time, in order to dissolve all GoSO,. 
It 18 also necessary to filter off any clay, etc, but non-Brgtllaceous salt 
ought to be dissolved completely, excepting any grains of sand and the like. 
In the clear solution precipitate the lime with ammonia and ammonium 
■ oxalate, allow to stand for 12 hours, filter the precipitate through denBj 
filter paper in a well-shaped funnel (compare p. 94), wasliidry, and ignite it 
iaaplatmura crucible till it is completely converted into CaO. This is done 
by first gently heating till the calcium oxalate is decomposed, and then 
igniting at nearly a white heat for 20 minutes, either over a gas blow-pipe 
or, more conveniently, in a Hempels gas-stova or over a Muencke patent 
burner.* 1 part CaO is equal to 2'4286 CaSOj, and is calculated as such. 

B.— SALTCAKE. 
(N.B. — Nos. 1 and 2 are sufficient for daily examinations of the produce of 
works, the others are employed for saltoake bonght and sold.) 

1. Free Acid, — Dissolve 20 grms. saltcake, dilute to 250 c.c, take out 50c.c. 
with a pipette, add litmus or methyl-orange, and titrate with standard soda 
up to the point of neutralization. Each cubic centimetre of the standard 
aikali is equal to 1 per cent. SOj. The total acidity is calculated m SO., 
including HCl, NaHSO,, and, in the case of litmus, the Baits of iron and 
alumina which hive on. acid reaction to litmus. If the latUr are present 
in appreciable quantities, and if it is desirable to exclude them from the 
result, employ methyl-orange as indicator, or else add the standard alkali 
without any indicator, till the first flakes of a permanent precipitate appear, 
which occurs when the free acid and that of the bisulphate is just saturated. 

2. Sorfium Chloride. — Take another 50 cc. of the solution made for the 
t«8t No. 1, add the same quantity of standard alkali as used for this test, 
so that the acid is exact^ neutralized, then a little neutral potassium 
chromate, and titrate with decinormal silver solution, as in A, 3. Each cubio 
centimetre of silver solution (after deducting 0-2 from the whole) is equal to 
CH46 per cent, NaCl, Or else employ a solution containing 2906 grms. 
AgNO, per litre and indicating frOOl grra, NaCl per cubic centimetre. 
This would in the prtaent case indicate 0-025 per cent. NaCl per cubic 



8. Iron. — Dissolve 10 grms. of sulphate in water, reduce the iron salts to 
protoxide by a little sulphuric acid, and zinc, and titrate with potassium 
permanganate. (Details page 114.) 

4. Residue, insoluble in water, is estimated as usual if present. 

5. Lime. — Dissolve 10 grms. in water if necessary with a little KCl, ; add 
NH.Cl and NHj, precipitate with, ammonium onalate. Ignite, and weigh 
as CaO, (Compare A, 4.) If any appieeiable quantity of FajD, has been 
found, this must be deducted. 

6. Magnesia is precipitated in the filtrate torn Wo. 5 by ammonium 

Jhosphate ; allow to stand for 24 hours ; filter, wash with dilute ammonia, 
ry. ignite and weigh the magnesium pyrophosphate of which 1 part= 
0'3G086MgO. 



* To be ob'.BiDiid from Dr. Uoeoclie, 
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7. Jhmnu. — "Dte solution of tbe wlUake is pre<ripitstcd witih 
(five bxmi 00,). Tbe [ireci[Mt»te is tsnited and veigb«d. ^ Dedi 
veigbt of Fe^ fonud in No. 3, tbe reinaJiidfT=AV3, 

a Sodimat SmlpiaU {dima taimatum).— Dissolve 1 gna. of tbe 

pieeipitaite any lime slcog with feme oxide, etc., ss in No-S; , 

emporftte the filaate to diTnen after adding a ^w drope of pure siilpliiiHe 
acid ; ignite; repeat this after adding a iraall piece of ammoniom carbonate, 
and weigh. Dednct from this weight ( 1 ) tiie KaCl foond in teat No. 2, 
calculated for Na^Of (l-0000NaCI=l-2136Na,SO„ or each cubic centinietrB 
of decinormal silver solution eniploved in U^at No.2=(M)0177 grm. Na,SO,); 
(2) the MgO found in test So. 6, calculate as MgSO. (1-000 ICgOs 
S^OOMgSOf) The remainder is equal to the sodium sulphate act^l^ 
pi^ent in 1 grm. saltcake. 

C.-CHIMNET-TESTING. 

Act of Parliaminil.—'Bj the Alkali Works Begulation Act of 1831 it is enao- 
ted that " Etst; alkali work shall be carried on in such a maimer as to secnra 
the conden^tion to the Eatisfaction of the chief insp>ector, d^ved from hia 
own eiamination or from that of some other inspector, (o) Of the muriatic 
acid gofl evolved in snch works to the extent of 95 per centum, and to Buch 
an extent that in each cubic foot of air, smoke, or chimney gases escaping 
from the works into the atmosphere, there is not contained more than ont- 
fi(lhpaTtofa grain oE mtiriatic acid, (J) Of the acid gases of solpbur and 
nitrogen which are evolved in the process of manufacturing sulphuric acid . 
or snlpbates in the work to such an extent that tbe total acidity of sutibi 
^aaes in each cubic foot of air, smoke, ctr gases escaping into the chimney or 
into the atmosphere does not exceed wiirit is equivalent to /bur gratnt of sul- 
phuric anhydride." Fart I. (8), " Snlphurons acid arising from the combuo- 
tion of coal is not included." Part III. (29). " In calculating the proportion 
of acid to a cubic foot of air, smoke, or leases, for the purposes of this Act, 
such air, smoke, or gases shall bo calculated at the temperature of 60 degrees 
of Fahrenheit's thermometer, and at a barometic pressure of thirty iitc£es." 
Port III. (21). Methods for ascertaining the total acidity of chamber exits 
will be found on pages 97 to 99. 

Hydrochloric Actd in Chimnep.^-In ordtT to ascertain tbe HCl in chimney 
gates, an aspirator is used known as Fletcher's flexible aspirator, or tlie 
bellows. This aajiirator is supposed to draw at one aspiration one-tenth rf 
a cubic foot. It is not safe to trust to this intended capacity, and moreover 
the capacity of a new aspirator varips for some time. To ascertain the real 
capftoit^, fill a very large beaker or other cylindrical vessel with water, uid 
invert it under water. Completely fill the aspirator with air, and expel this 
air into the inverted beaker. Majk tbe point to which the beaker is filled 
when thu water inside the beaker is level with that outside. MeastiK the 
capacity of the beaker to that mark, say it contains V cubic centimetres of 
water, Then the number of aspirations whiub must be made with thisaspi^ 
rator iu order to draw one cubic foot of air is 



I 
I 



luUy bt- a uiixpd numb-'r, but tlie nearest integral number 
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stituted, and it will be safest to substitute the next higher integral number. 
Thus, if N be found 9*8, it will be safest to consider 10 as the number of aspi- 
rations necessary to draw one cubic foot. The aspirator must be air-tight. 
The gas is withdrawn from the chimney through a glass tube, which should 
be simciently long to reach a considerable distance into the chimney, say 
6ft. The ^lass tube should be of at least Jin. diameter, otherwise the aspira- 
tion is tedious. In flues where the temperature is too high for glass, a pla- 
tinum tube must be employed. The bellows and tube are washed with 
distilled water until the washings give no reaction with silver nitrate. 100 
or 200 cubic centimetres of distiUed water free from chloride are then charged 
into the bellows, and after each aspiration the gas is well washed by shaking 
the contents of the aspirator violently. When the number N of aspirations 
has been made, some water is forced into the glass tube, and allowed to flow 
back into the bellows to wash out any acid which may have condensed in the 
tube. The liquid is then transferred into a porcelain dish (or into a beaker 
standing on a porcelain slab). If the liquid is so highly charged with soot 
that it would be impossible to recognise the change of colour, it must be 
filtered through a filter previously washed free from chlorides. The liquid is 
then oxidized with potassium permanganate, and any excess of this reagent 
removed with a trace of ferrous sulphate, neutralized with pure sodium car- 
bonate, coloured with potassium chromate, and titrated with decinormal 
silver solution. (See p. 116, A, 8, and Appendix.^ Some use a centinormal 
silver solution. Call the number of cubic centmietres consumed=a;, then 
the hydrochloric acid, in grains per cubic foot of gas, will be 

G=0-05638-a; grains. 

In order to calculate the percentage escape, the velocity of the gas in the 
chimney must be ascertained and reduced to 60** F. No notice is usually 
taken of the barometric pressure, since the measurement by the bellows is 
otherwise inaccurate. In addition, the diameter of the chimney and the 
number of tons of salt decomposed per 24 hours in the furnaces connected 
with the chimney must be known. 

If G=number of grains of HCl per cubit foot 
If V= velocity at oO*" F. in feet per second 
If D= diameter of chimney at testing hole in feet 
If T =tons of salt decomposed per 24 hours assumed 
to contain 98 per cent. NaCl 

the percentage escape will be 

GVD2 
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2.— INFLUENCE OF TEMPEEATUEE ON THE SPECIFIC GEAVITY 

OF HYDEOCHLOEIC ACID. 
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a— ANAiTSIS OF HTDBOCHLOEIC ACID. 

1. E»timalia» of HCL— Measure oS, by mean 
10C.C. of the acid, whi«e specific graTilj should be known, dilute U 
take oat lOc.c. and add aodium carbonate, free from chloride, till then. _ 
tion is neutral or faistly alkaline. This point wUl be bit quickly, and 
without the loss of many drops for testing, if the percentage of the add is 
ascertained from ilsspecific^vify by thetable (p. 120) and the correspond- 
ing quantity of sodium carbonate solution is run in from a burette. Now 
add a little neutral potassium chromate, and titrate nith decinormal silver 
solution till a faint pink colour has been produced. (Compare p. IIG.) De- 
duct 0'2c.c. from the silver solution employed; the remainder, multipUedby 
73 and divided by the specific gravity of the acid , indicates its percentaza 
of HOL* 

2. UtimatUm of Sulphuric Acid. — Neutralise the acid almost, but not quite, 
with sodium carbonate free from sulphate, and prtcipitate the sulphurie 
acid by barium chloride, as in p. 93. If the acid be partially saturated 
with NHj, or not saturated at all, the result is too low, Each'pa.rt of BaBOt 
is equal to 0-34335 SO,. 

8. Eilimatioii of /ron.— Eeduee tbja to protoxide by digesting theacid for 
a short time with a, rod of zinc free from uon, wash the rod,dilute the whole 
with water, add some manganous chloride or sulphate (in order to counter- 
act the action of HCl on peimanganate), and titrate with a twentieth nor- 
mal BoJutioit of potassium permanganate, each cubic centimetre of whioh- 
indicates 0-0028 grm. Fe, 

4.-BLEACHING POWDER AND CHLORATE OF POTASH 
MANUFACTURE. 

A.— NATURAL MANGANESE ORE. 

1, Manganese Dioxide. — Weigh 1-0875 grm.-j- of manganese ore, ground as 
fine as possible, and dried gome time at lOO'C. ; put it into the flask (Fiz.lO), 
oloeed by an indiarubber (Bunsen) valve ; add 75 cc. (in three pipettesful at 
25 C.C. each) of a solution containing 100 grms. pure crystallized ferrous sul- 
phate and 100 cc. pure concentrated sulphuric acid, diluted to one litre, and 
standardized on the same day by means of the same 25 cc. pipette, with deci- 
normal potassium permanganate. Close the flusk by its indiarubb^r cork 
and valve, and heat till the manganese is completely decomposed, leaving a 
light- coloured residue. On cooling, the valve must act properly, which will 
be seen by the cullapsins; of the indiarubber tube. After complete cooling 
add QOOcc. of water, and titrate with potassium permanganate to a faint 
pink eolomtion. Deduct the quantity of pejmanganate now required from 
that oorresponding to the 75 c.c. of iron solution ; the remainder indicates for 
each cubic centimetre 0-02175 gnn., equal to 2 per cent. MnOj. 

Ab a check upon the above process, the anajysis may be performed by 
means of hydrogen peroxide in an acid solution, measuring the 
evolved in a Nitrometer or in the Qasvolumeter (p. 113), ' 
Lunge in S.C.I., 18D0, p. 2i. 

• This toat would tall In the prewnca of metaJlio chloriaoB, whioh Ki 
averpreHntln*ppreBlable quAnCiC? !□ ordinBr/ bydroobloria acid. T. 
ha HfUWliiinod by tstlaiBllua the K*sl Mfdlty mid aaducling thocofi 
phuriu ulil, Diaklaa alluwinoo tot any sodium nnlphUe presenl. 

t TMtoarrNpoadi tolheml eriuivuleni or MdOi equal Id *3S(mDlecular 
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2. Carbon Dioxide iseBtimatadgravimetriGallyby expelliiig it with 
lulphuric or nitcic acid and fibaorbing it in soda-lune, by nuans ' 
apparatus and prooesa described (p, 95), 






;b dilate ^M 

i 



3. Eatimation of t/te Hydrochloric Acid required for Decompoaing the Ore. — 
DisBoWe 1 gnu. of mau^neae ore in a ilask prorided with a reflux cooler in 
10 c.c. of ordinary strong hjdrochloricacid irhoBO litre ia known, employing 
heat as far as necessary. Allow the solution to oool, add standard alkali 
tiU reddish-brown flaktts of ferric hydroxide appear, which do not rediasolve 
on agitation. Calculate the standard alkali for the strength of acid em- 
ployed for dissolving the ore, and deduct the qn&ntity thns found from the 
10 cc, &iBt employed, 

B.— EECOVEEED MANGANESE MXTD AND WELDON 
LIQUORS. 

1. MnOj in Wddoa Mud. — Standardize an acid iron solution (lOUgrms, 
pnre crj-stallizcd ferrous sulphate + 100 c.c. pure concentrated aulphurio acid 
in 1 litre) with Bemiuonnal potassium, permanganate (refer to Appendix!, l>y 
diluting 25 c.c. of tlie former with lOOc.c. or 200 c.c. of cold water, and adding 
the permanganate from a glaas-cock burette, till, on agitating, the pink 
colour is not discharged immediately, but remains at least for half a minute, 
Subeequent bleaching is not taken into account. This teat should be made 
once each day. Call the cubic centimetres of permanganate employed x. 
Now, put again 25 CO. of the iron solution intoabeaker. Take lOc.c.ofmau- 
it of the well-shaken bottle (mere Btirring does not ei " 



proper mixture) containing it ; wash the pipette 

into the beaker containing the iron aolntion, and wash the mud p _ 

inside into the aame beaker. When all has dissolved, on agitating, add 
100 ac. of water, and titmt« with potasaium permanganate. The number of 
cubic centimetres now nsed equals a. The quantity of MnOi in grammes 
per litre of mud equals 2-175 i^—v). 

9. Total Manganese of Ihe Mud, Expressed »'« Grammes of Theoretically Po»- 
sible MnOiper Litre.— lake lOco, of the mud, with the same precautions as 
in teat No, 1, Boil with strong hydrochloric acid till all chlorine ia driven 
ofFliaturate the escessot aoioT by ground marble or precipitated calcium 
carbonate; add a concentrated filtered solution of bleaching powder; boil 
B few minutes till the colour turns a strong pink^and the excess of bleaching 
powder can be smelled, Mid again destroy the piuk by adding alcohol drop 



^ drop. All manganese is now present as IlnO, j filter and wash this. 
^e fjltrate should aot produce any browa colour with a bleaching-powder 
iolution, which would prove the pri-'Secoo of Mn in solution. Continue the 
washing till starch and KJ do not give any reaction. Throw the filter 
with the precipitate into 26 cc of the acid iron solution employed in test 
No 1. If all MnO, is not dissolved, add another 25 cc of iron solution; 
dilute with 100 c.c. of water, and titrate n-ith pemmngBnaU. Calculation 
BS in No. 1. 

8. Ettimaiion of the Biae,i.e., the Mtmoaidei, dc^ of the Mud tphieh abnorb 
HUl withoul yi^ditig Free Chlorine.— DWate 25 cc, or with a very high base 
bOc/^, of narmal oaalio acid (63ffmis. crystallized oxalic acid in 1 litre) to 
lOOc.a ;heat to60— 80°C., add 10 cc. manganese mnd hymeaneof apipstte, 
with tlie precautions stated in No. 1, and aaitate till the colour of the pre- 
cipitate is no longer yellowish but pnre white, which aught to take place 
very soon at the above-named temperature. Dilute to 202 c.c. (2 cc. corres- 
pi^nd to the hnlk of the precipitate, and are marked on the neck of the 
20OO.C. flask); pour tlirough a dry filter, and titrate 100 c.c. of the filtrate 
with standard alkali, employing litmus or corallin as indicator. (Methyl- 
orange IB not applicable for osalic acid.) Call the number of onbic centi- 
tnetres of standard alkali z. The oxalic acid serves (1) foi reducing the 
MoO, with formation of MaO and CO,: (2) for saturating the MnO thus 
formed ; (3) for aaturatiog tlie monoxides originally present, i.e., the base. 
The oxalic acid not thus employed is equal to 2z. "She acid used forrednoing 
MnO, is equal to that used for nButralising the MnO formed, and both 
amounts together are equal to the numbor x—y obtained by the MnOg ttst, 
since the oxalic acid is normal and the permanganate half normal. The 
amonnt of oxalic acid consumed by the bases of the mud ia found by de- 
ducting from the total acid naed that required for the MnO, {x—y\ and that 
which was not neutralized at all by the mud — 2s, therefore in all x—y—'iz. 
; " base " is equal to the ratio of this e 



It is therefore, if 25c.c. of oxalic acid bad been employed, equal t( 
50- 2 i-4z + gy _ / m-iz \ _3 
x-y \ x-y } 

r, if 50 cc had been employed, eqnal ia 
/lOO- 



C^)- 



C— LIMESTONE. 

1. /ii»rf«W«.— Dissolve 1 grm. hydrochloric acid, filter thn residue, wash, 
dry, and ignite. In the preseooe 6f appreciable quantities of organic sub- 
stance weigh the filter afMr drying at 100°, and ignite afterwards. The 
difference is taken as organic matter. 

2. Lime. — Dissolve 1 grm. in 25 cc normal hydrochloric acid and titrate 
with norma! alkali. Deduct the latt«r from 25 and multiply the remainder 
with 2-8 to find the percentage of CaO, or with 5 to find that of CaCO^ 
(N.B.^Here MgO is calculated as CaO. This is admissible for most lime- 
stones employed in alkali and bleaching powder making, because they 
contain but little MgO ; otherwise the KgO or MgCOi found aa in No. 3 
has to be deducted.) 
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8. Magnesia needs to 1)6 estimated only in limestone serving for man* 
ganese recovery. Dissolve 2 grms. of limestone in HCl, precipitate the OaO 
with NHg and ammonium oxalate, and precipitate the magnesia in the fil- 
trate by sodium phosphate. (Compare p. 118.) 

4. Iron is usually estimated only in limestone serving for bleaching 
powder making. Dissolve 2 ^ms. HOlj reduce by zinc, dilute, add some 
manganese solution free from iron, and titrate with permanganate. (Com- 
pare p. 114.) 

D.— QUICKLIME. 

1. Free CaO. — Weigh 100 ^rms. of an averc^ sample carefully taken, slake 
it completely, put the milk into a half-litre fiSi.sk, fill up to the mark, shake 
well, take 100 c.c. out, run it into a half-litre flask, fill up, mix well, and 
employ 25 cc. of the contents, equal to 1 grm. quicklime, for the test. Titrate 
with normal oxalic acid and phenoiphthalein as an indicator. The colour 
is changed when all free lime has been saturated and before the CaCOa is 
attacked. 

2. Carbon Dioxide. — Titrate CaO and CaCOs together by dissolving in an 
excess of standard hydrochloric acid and titrating back with standard 
alkali. By deducting the CaO estimated as in No. 1 the quantity of CaCOs 
is obtained. For very accurate estimations the COj is expelled by HCl, ab- 
sorbed in soda-lime and weighed as described: or it is estimated by volume 
in Lunge and Maxchlewski's apparatus (p. 9o). 

Da.— SLAKED LIME. 

L Water. — Weigh about 1 grm. in a stoppered glass tube, and heat it 
gradually in a platinum crucible, at last to a strong red heat (compare p. 
117) ; allow to cool in the exsiccator and weigh back. The loss of weight 
is equal to HgO+COj. 

2. Carhwi Dioxide is estimated as above. 

TABLE SHOWING AMOUNT OP LIME IN MILK OP LIME. 

(Calculated from Blattner.) 



Dejrrees 


GriDP. CaO 


Lb. CaO per 


Degrees 


Grms. CaO 


Lb. CaO per 


Twaddell. 


per litre. 


cubio foot. 


Twaddell. 


per liti-e. 


cabic foot. 


2 


11-7 


0-7 


28 


177 


11-1 


'4 


24-4 


1-5 


30 


190 


11-9 


6 


87-1 


2-3 


32 


203 


12-7 


8 


49-8 


8-1 


84 


216 


13-5 


10 


62-5 


8-9 


36 


229 


14-3 


12 


75-2 


4-7 


88 


242 


15-1 


14 


87-9 


5-5 


40 


255 


15-9 


16 


100 


6-3 


42 


268 


16-7 


18 


113 


7-1 


44 


281 


17-6 


20 


126 


7-9 


46 


294 


18-4 


22 


138 


8-7 


48 


807 


19-2 


24 


152 


9-5 


50 


821 


20-0 


26 


164 


iO-8 
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E.— BLEACHINa POWDER. 

1. AvaiUMe Chlorine, — Weigh 7*100 ^ms. of the sample, previously weU- 
iJuxed ; grind it with a little water in a porcelain mortar (whose lip has 
been greased a little at the lower side) till a completely homogeneous thin 
paste has been obtained ; dilute with more water, wash the whole into a litre 
flask, fill up to the mark, and take for each test 50 c.c.=0'855 grm. bleaching 
powder, having shaken up the flask immediately before. Bun into the 
above, with continuous agitation, an alkaline decinormal arsenite solution, 
containing 4*95 grms. AsgOs P^^ ^^^^^ (refer to Appendijc) till the expected 
point is not very far off. Then place a drop of the mixture on to a piece of fil- 
tering paper, moistened with a starch solution containing iodine. If there is 
very much chlorine left, a brown spot will be produced ; if less chlorine, the 
spot will be blue. According to the depth of this colour more or less arsen- 
ite solution is run in, and the above test is repeated till the paper is coloured 
hardly perceptibly, or not at all. Each cubic centimetre of the arsenite 
solution indicates 1 per cent, available chlorine. (For sampling of bleach 
refer to Appendix.) 

Another very accurate method, requiring no standard liquid, consists in 
decomposing tne bleaching powder by hy£x>gen xoeroxide in a Nitrometer 
or Gasvolumeter (Lunge, S.C.I., 1890, 22). 

2. Comparison of the Percentage of Bleaching Powder with the French (Gay- 
Lussac) Degrees. — The latter are understood to mean the number of litres of 
chlorine gas at 0** C. and 760 mm. pressure, which could be given off by 1 
kilogramme of bleaching powder. The oxygen given off in the hydrogen 
peroxide method (compare last paragraph) shows this directly. 



French 


Per cent. 


French 


Per cent. 


French 


Per cent. 


French 


Percent. 


Degrees. 


Chlorine. 


Degrees. 


Chlorine. 


Degrees. 


Ohlorioe. 


Degrees. 


Chlorine. 


63 


20-02 


80 


25-42 


97 


80-82 


113 


85-91 


64 


20-34 


81 


25-74 


98 


31-14 


114 


86-22 


65 


20-65 


82 


26-06 


99 


81-46 


115 


86-54 


66 


20-97 


83 


26-37 


100 


81-78 


116 


86-86 


67 


21-29 


84 


26-69 


101 


82-09 


117 


37-18 


68 


21-61 


85 


27-01 


102 


82-41 


118 


37-50 


69 


21-93 


86 


27-33 


103 


82-73 


119 


87-81 


70 


22-24 


87 


27-65 


104 


83-05 


120 


88-13 


71 


22-56 


88 


27-96 


105 


83-36 


121 


88-45 


72 


22-88 


89 


28-28 


106 


83-68 


122 


88-77 


73 


23-20 


90 


28-60 


107 


84-00 


123 


89-08 


74 


23-51 


91 


28-92 


108 


84-82 


124 


89-40 


75 


23-83 


92 


29-23 


109 


84-64 


125 


89-72 


76 


24-15 


93 


29-55 


110 


84-95 


126 


40-04 


77 


24-47 


94 


29-87 


111 


85-27 


127 


40-86 


78 


24-79 


95 


30-19 


112 


85-59 


128 


40-67 


79 


25-10 


96 


80-51 











F.— DEACON PROCESS. 

Aspirate 5 litres of gas, issuing from the decomposer^ placing the appara- 
tus as closely to the outlet of the decomposer as possible, and absorb the 
'hloric acid and chlorine in a solution of caustic soda of 15**Tw., of 
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which about 250 c.c. are distributed into two or three absorbing bottles. The 
time of absorption ought to agree with the time occupied by the charge in 
the saltcake pan. Unite the contents of the several bottles and dilute to 
500C.C. 

1. Take 100 c.c. of this solution, and add it gradually to 25 c.c. of an iron 
solution (prepared and standardized as directed on page 122) in a flask re- 
presented by Fig. 11 (page 123), and heat to boiling. Allow to cool, dilute 
with 200 c.c. of water, and titrate with semi-normal permanganate solution. 
Say it required y c.c. Suppose that when standardizing the iron solution 
25 c.c. of iron solution required x c.c. 

2. Take 10 c.c. of the solution to be tested, add thereto some solution of 
sulphurous acid, acidify with dilute sulphuric acid. If it does not smell of 
sulphurous acid, add a little more. Heat to boiling. When cool, add, if 
necessary, a few drops of permanganate to oxidize any sulphurous acid in 
excess. Neutralize with pure carbonate of soda, dilute with water, and after 
adding a few drops potassium chromate, titrate with decinormal silver solu- 
tion. Suppose it consumes z c.c. of silver solution. Then 

50ag— y 

2 

is the percentage of hydrochloric acid decomposed, and 



42-5+ 



x—y 

8 



z 
equals the amount of air present for every volume of hydrochloric acid. If 
any other volume I of gas instead of 5 litres be employed, the constant 42*5 
changes into 

Zxl'55 

50x0-00865 

assuming that the other directions are strictly followed, and that 1 litre of 
hydrochloric acid weighs 1*55 grm. at 50'^ C. and 760 mm. pressure. 

G.^CHLORATE OF POTASH. 

1. Chlorate Liquors contain calcium chlorate and chloride, but these are^ 
calculated as potassium salts for the sake of convenience. 

(a) Chlorate is estimated both in order to check the work and to calculate 
the necessary addition of KCl. Measure 2 c.c of liquor in an exact pipette, 
run it into the flask (Fig. 11, p. 123), add a little hot water and one drop of 
alcohol, boil (without the valve) till all smell of chlorine and the pink colour 
have disappeared, allow to cool, add 25 c.c. of the strongly acid ferrous sul- 
phate solution (mentioned p. 122, and requiring a c.c. of seminormal per- 
manganate), close the flask with its valve, and boil for 10 minutes. After 
cooling, titrate with seminormal permanganate. The number of cubic 
centimetres required to produce a faint pink=6. The liquor then contains 
calcium chlorate equivalent to 5*105 (a— 6) grms. KCIO3 per litre, and it will 
theoretically require an amount of 3*105 (a—h) grms. of pure KCl per litre. 

(6) Chloride is estimated in order to check tne work, and therefore calcu- 
lated as KCl, although present as CaC}2. Treat 1 c.c. of liquor as above, to 
destroy the free chlorine and pink colour, allow to cool, add a little neutral 
potassium chromate, and titrate with decinormal silver nitrate (as described 
p. 116). Each cubic centimetre of the latter indicates chloride equivalent 
to 7-45 grms. KCl per litre. 



&. Commtreial Chlorate of Folaih is only tested for 6ny chlorides e 
l&ted as KCI. As their quantiQr is 'very sligbt, it is advisable t 

SOgrms. of the salt ia water absolutely free from chlorine, and to .._ 

decinormnl silver nitrate, as in the last number. Each cubic centimetre d 
this^O-00745 grm. KC1=(KI15 per cent. KCI. 

6.-SODA-ASH MANUFACTURE. 

A.— EAW MATERIALS. 

1. Saltcaek.— (Befer to p. 117.) 

2. LiuESTUNB or Cbalk, {or muing. 
(a) /nWuWe.— (Befer to p. 124.) 
ib) Liiw {+MgOj.-(p.m.) 
(el Magnesia (only in limeBtnnes containing nmch of it). — fp. 125.) 

3. MixiNQ Coal (alack). 
(a) Moiiliire.—(p. K.) 

J 6) Fi3xd Carbon.— Ip. 85.) 
a) Ashes (p. 85.) — In the case of unknown descriptions of coal it 
Ecient to estimate the total percentage of ashes, but the latter should b 
analyzed, and silicia, alnmina, and ferric oside estimated according tt " 
rules of the analysis of sUicatea. 

{d) Sulphur.— Hin 0-5 grm. to 1 grm. of finely-ground coal with IJ tinn 
the weight of an intimate mixture of two ports well-calcined magnesia ar 
1 port iuihydrouB sodium carbonate. This is done by means of a gloss ri 
in a platinum crucible, which is heated without cover, and in a BUntir 
poeition, so that only its lower half attains red heat, preferably il 
forated Eisbestoa Blab (p. 85). The oombnstioH flhould be assisted by freqnaat" 
stirring with, a platinum wire, and should lost hardly longer than an hour, 
the grey colour of the mixture passing over into yellow, reddish, or brown. 
Four hot water over the mass, add brmnine-wat<>r till the liquid is faintly 
yellow ; boil, decant through a filter, and wash with hot water. Acidulate 
the filtrate with HCI, boil till all bromine is removed and the liquor has 
been decolorized, and precipitate with barium chloride ^as describal p. W). 
If the magnesia or sodium carbonate employed contains sulphates, these 
must be estimated and taken into account. If the gas for burning contains 
much sulphur, it is best to employ a spirit lamp ; but the perforata asbeatn^ 
Blab, as recommended above, will nearly always suffice for keeping anay tl 
products of combustion of the gas from the contents of the crucible, an 
thus admit of employing ordinary illuminating gas and a Bunsen burner. \ 
{e) Nitrogen is estimated by igniting with soda-lime and receiving tt " 
ammonia formed in standard sulphuric acid, according to the rules ^ ol 
ganio BlemenCary analysis, 

B.— BLACK-ASH. 

Digest 50 grma. of the finely powdered average sample with 480 cji. of ~ 
water at 46° 0., which had been previously freed from COj aud O by boiling 
and cooling down, in a corked bottle. This will produce 500 c.c. of liquii 
Shake at once and aft«?r»-aids frequently, at least during two hours. Tbo 
following testa are made partly with the muddy mixture, partly with th6 
clear portion ; hut the former ones most be made to begir 

1. Tests hade with the Muddt Mutubk. — Each time before taking o 
a sample, the flask is thoniughly shaken up, and, before t^" ' '' ""' 
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again, a sample is taken by means of a 5 c.c. pipette, with a short and 
somewhat wide outlet (to prevent obstruction by the mud). The mud 
outwardly adhering is washed off, the contents of the pipette are run out 
into a beaker, and the mud adhering to the inside of the pipette is washed 
into the same beaker. 

1. Free Lime (or its equivalent of sodium hydrate) is found by adding to 
5 c.c. of the mixture an excess of barium chloride solution, as well as a drop 
of phenolphthalein solution and titrating with ^normal oxalic acid, till the 
red colour has just vanished. Each c.c. of the acid =0*0056 CaO. 

2. Total Lime, — 5 c.c. of the muddy mixture are put into a flask, a few 
c.c. of concentrated hydrochloric acid are added, and the whole is boiled tiU 
all the gases have been expelled. Cool down a little, add a drop of methyl- 
orange solution, and neutralize exactly with sodium carbonate, i.e., till the 
red colour has just gone. Now add 80 c.c. of J-normal' sodium carbonate 
solution, exactly measured, and heat to boiling, to precipitate all the lime 
as CaCOs (together with any ferric oxide, alumina and magnesia, whose 
quantity is too insignificant to be regarded for this test). Wash the whole 
into a 200 c.c. flask, fill up to the mark, take 100 c.c. of the clear liquid, and 
titrate back with J-normal hydrochloric acid. Deduct the c.c. used x2 from 
30 ; the difference x 0-0056=total lime, or x 0-0100=calcium carbonate. 

(N.B. — These tests cannot be expected to give any very accurate results, 
owing to the almost insurmountable difficulty of obtaining a real average 
sample of black-ash ball. This, however, applies to all tests made with 
black-ash.) 

II. Tests hade with the Clear Portion. — After having made all the 
tests described sub I., allow the mixture to settle down in the well-corked 
flask, and take samples of the supernatant clear liquid for the following 
tests: — 

1. 10 c.c. (=1 grm. black-ash) is titrated cold with hydrochloric acid and 
methyl-orange. This indicates the total available alkali, t.c, Na2C03, 
NaOH, and NagS. (The small quantity of alumina and silica present causes 
no appreciable error.) By ded\icting the quantities found in tests Nos. 2 
and 3 the quantity of sodium carbonate is found, viz., 0053 grm. for each 
cubic centimetre of normal HCl. It is, however, expressed, like all other 
sodium compounds, in terms of Na20, by multiplying each cubic centimetre 
of normal acid by 0*081. 

2. Caustic Soda is estimated by adding to 20 c.c. of liquor, contained in 
a 100 c.c. flask, an excess of barium chloride (10 c.c. of a 10 per cent, solution 
of BaCl2, 2H2O will always more than suffice for this), adding boiling water 
up to the mark, shaking up, and corking the flask. After a few minutes 
the precipitate is settles Take out 50 c.c. of the clear portion, without 
filtering,* and titrate with normal hydrochloric acid. When employing 
methyl-orange as indicator, the liquid must be cooled first. According to 
Cl. Winkler, the separation of the barium carbonate is unnecessary when 
oxalic acid is employed as the standard acid. In this case litmus or, better, 
phenol-phthalein must be employed as indicator. Each cubic centimetre of 
the standard acid indicates 0*040 grm. of NaOH in 1 grm. of black-ash= 
0*(B1 Na20, but sodium sulphide is here included as well. 

8. Sodium Sulphide. — Dilute 10 c.c. of liquor to about 200 cc, employing 
water freed from oxygen by boiling, acidulate with acetic acid, and titrate 



* The filtering paper abiorbs a lenMble portion of bariam salt. 



c[nickl7' with iodine aolutjon, using starch oe an indicator. Whan empkr 
ing a decinormal iodine solotion (12-7 grms. I per litre), each oabic centi-J 
metre indleaWs 0-0039 NajS (=0-0031 NajO). A solution oontaining S-25S T 
grnis. I per litre would indicate 0-OUl grm. NagS per cubic centimetre. In rl 
the former case the number of cubic centimetres of decinormal eolntioa j 
divided hj 10 can be deducted at once from the acid employed in teat No. 1, I 
wherebj the sulphide is eliminated from the alkali test. Other Bulphur 1 
com-pounds (except sulphate) need not be taken account of in fresh blft<i-aah. J 

4. Sodiam Chloride. — Seotralizo 10 ex. of the liquor as accurately h 
possible with nitric acid, preferably by adding exactly as many cubie 1 
centimetres of standard nitric acid (SSgrmB. NOg H per litre) as had been I 
employed in teat No. 1. Boil till all i£,S has been expelled, £lter from any j 
sulphur precipitated, add a little neutral potassium chromal^, and t * ' 
with silver solution (as described page 117). Each cubic centimet 
decinormal silver solution indicates 00CB85grm. KaCI. A solution . ._ 
taining 2'906 grms. AgNOj per litre shows O^XH grm. NaCl per cubic centi- 

6. Sodium SrJpftaie.— Acidulate 10 c.c, with a very slight excess of HCl, ' 
boil, add barium chloride, filter, wash, and ignite the precipitated BaSO,. 
Since the quantity is very small, it can be washed with hot water on the 
filter itself, which is then placed in the moist state in a platinum crucible 
and ignited. Each part of BBSO4=0-609iNaaSO(. 

6. Prepare an average sample of all batches by poiuing a certain quantity J 
of the liquor belonging to each batch into a common vessel ; carbtmaU thia I 
by passing CO^ through its filter, evaporate the filtrate to dryness, and ] 

'■ — '- -'n the residue NaaOOj, NajSO,, and NaCl. 



C— TANK WASTE (VAT WASTE). 

Take a lares, really representative average sample, which should be 
kept protected from air, and of which 50 grms. should be weighed i 
quick!// and in the movil state. Drying in contact with air would ot 
siderably change its composition. Moist tank waste may be assumed, J 
without any great error, to contain 40 per cent, of water. Digest th&above | 
BO grms. waste with 490 c.c. water of 40° C, which will yield 600 c. 

1. JcoiVrtWeSo(ia(Na,C03,orNa^).— Take lOOcc. of the liquor, pass into. | 
it a current of well-washed carbon dioside, heat the liquid to boiling, ' 
bring up the volume again to 100 c.c, pour through a dry filter, and titrata 1 
500.C. of the clear portion with decinormal hydrochloric acid, of which each 1 
C.C. will indicate 00031 grm, Na,0, or, in this case, 0-0G2 per cent Na,0 of I 

2. Total Soda (indmicft of InsduUe Sodium Saltn). — Heat 17'7 grms.* tank 4 
waste in a porcelain or iron dish with sulphuric aoid of specific gravity 1-6, 1 
tUl all has been decomposed and converted into a stiff paste, evaporate to I 
dryness, heat till all free sulphuric acid has been driven oS, add hot water, I 
scrape out the mass, and put it into a 250c.c cylinder. Neutralize any frM I 
acid left, and precipitate any magnesia present by adding some pure millE I 



• This itmniin 
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of lime (obtained from ordinary slacked lime by pouring off the first water, 
which may contain some alkali), fill up to the mark, allow to settle, take 
out 50 C.C. of the clear liquor, add 10 c.c. of saturated baryta water, pour the 
mixture through a dry filter, take 50 c.c. of the filtrate, precipitate all baryta 
b^ passing through the liquid COg and boiling, filter, and titrate the filtrate 
with decinormal hydrochloric acid. Each cubic centimetre of this will 
indicate 0*1 per cent, of NagO in the waste, taking into account its bulk. 

8. Total and Oxidizahle Sulphur, — Boil 2 grms. of the waste with hydro- 
chloric acid, filter^ wash with dilute HCl, neutralize the filtrate almost 
completely by addmg sodium carbonate, precipitate with barium chloride, 
filter, wash, and ignite the barium sulphate. From this is calculated the 
sulphur present as sulphate (a). Another sample of 2 grms. waste is oxi- 
dized by a strong bleaching powder solution and hydrochloric acid, or by a 
solution of bromine in strong hydrochloric acid. When a strong smell of 
chlorine is felt, all S is oxidi:^ to sulphuric acid. Filter and estimate the 
SO4HS in the filtrate. This indicates the total sulphur (6). The difference 
6— a is the oxidizable sulphur, t.e., the theoretically recoverable maximum 
of sulphur in the waste. 



D.— TANK LIQUOR (VAT LIQUOR) 

Is tested while hot, or else it is kept at about 40° C, to prevent cr3rstalliza- 
tion. Take out only small samples (2 to 5 c.c.) with an accurate pipette. 
This greatly furthers the work. 

1. Sodium Carbonate, — Titrate 2c.c. with standard hydrochloric acid. 
When employing methyl-orange as indicator, first add some cold water. 
From the cubic centimetres found deduct those found in test No. 2 and one- 
tenth of that in test No. 3. 

2. Sodium Hydrate (estimated as on page 129). 

3. Sodium Sulphide is estimated by decinormal iodine solution (as on page 
129). The error caused by other sulphur compounds is hardly appreciable, 
and for practical purposes of no consequence. In any case this test must be 
made in order to rectify test No. 1. 

4. Sodium Sulphate (as on page 130). 

5. Total Sulphur, ^Oi^dAz/^ the liquor with bleaching powder and hydro- 
chloric acid (as described C3, page 131), and precipitate by barium chloride. 

6. Sodium Chloride (as page 130). 

7. Sodium Ferrocyanide, — Acidulate 20 c.c. of liquor (or more) with HCl, 
and add strong bleaching-powder solution from a burette, constantly a^tat- 
ing. From time to time mix a drop of the mixture on a white slab with a 
drop of dilute ferric chloride solution, free from ferrous chloride. When no 
more Prussian blue is formed, but the mixture of both drops turns brown, 
all is 'oxidized, hence also all ferrocyanide is turned into ferricyanide. A 
drop of bleach solution in excess does no harm, but if too much excess has 
been used, or if too much li<^uor has been lost by taking out test drops, a 
fresh sample is taken out, which can this time be oxidized by running the 
requisite quantity of bleach liquor from the burette without losing much by 
making the drop-tests. This process gives quicker and more accurate results 
than adding an excess of bleach and driving out the chlorine by heating, in 
which case some ferricyanide may be decomposed. The oxidized liquor i^ 



lltrat^d tritb ierio'innai oopper aolntioii, contaimng S'lTB ^ 
I2'475 gmM. crrvuMsofd caprtc nUphate per Iltr^ which piecipital 
'^^^•^fiSn. rmjo lini« la time bat a drap of the liqiud l^ br , 
tO(;et)M!T (ID a^nrcelaiu >Ub with a dtopof a Jifnicferroaasalphsteac 
tin limg M k bine oulcmr i« produced 1^ the aclLon of FtSO, on K^F^Cfa 
mors copper loliition ia added, till the test on the alab toina no moKe bias 
or grsr, but reddish, Row no morelSa^e/:}-,, i»praent,aiidUieFeeOj<n 
the ■Mb now redaixt the fellow copp^ ferri^fuiide to red t er roeynife 
The flnt ■etiatbla reddening moot be t*ken as the final reaction, altboaf^ 
tt VBnishta after a abort time. Accoiding to theorj' each cnbic centimetn 
of the eoppvr ■olutum ouKlit to indicate (KI1013 grni. Na,FeCy, : bnt recent 
•nptrlnuntta {Chmithe Indutiru 1682, p. 79) have shown thi9 not to be the 
now. Too little cupper >oliition is eioploTed, and each cubic ceatimetTe of 
thio miui thnntfuru be put oqoal to 0-0123 grm. Na^eCf^ or, still better, 
tbfl uojfpw •dlution mtwt be itandardinJ by pure potaasiom fezrocyamde. 

8, Hllica, Alumina, and Ftrric oxide (ParnefZ ).~SupeisatQrate 100 cc of 
ll(]niir with 1I(!I, boil, add a loree quantity of animonium clil<nide and 
nranunilk In ttxifim, una boil till all BmRll of NHj has ceased. The prempi- 



oil, add a large quantity of a 

»nd boil till allBini^ll of NH, fa 
*.>m(9i ■uiiy, and Dan l» well wmhed. On wasmng witn iu» water it 
It Idlflnidly blao (by the formation of pruasian blue?); on igniting it 
w S10„ A1«0„ and fejli^ 



alkali, Nb^4 and NaCl. 



E.-CAEBONATED LIQUORS 



Am tmted In all rM»eol« like D. Bicarbonate is eBeimateil b; the following 

■nottinil, which ia kIm applicable t« tifsting the bicarbonate of comt 

Put 20 c«. lit liquor (or more if nPcsBsary) into a 100 c.c. flaak, add 10 

woilnorinal ammonia (B'B zrmB. NH, per litre, absolutely free from COJ and 
an Bxaflta of barium chloride : fill up to the mark with cold water, cco-k tbe 
Aaak well, allow to aultle, take SO f.o. of the clear liquid, and titrate with 
xtiinJard hydrochlorio acid, of which at c/i. in used. Theformula: 11 (10— i) 
tb'Ti liidloatua the milligramiaeB of CO) present in the liquor as bicarbtmat^. 
If the) BniRiiiniu in nut oxactly seminormal, the Gsure 11 must be replaced by 
aDolluT oorr«ii|)'ji]ding to tho iniiligrammes of CO, per cubic centimetre of 
tho animoiiia ; imd 10 must bo replaced by the number of cubic ceutimetree 

J '- - -- ■■ ■ r neiitralidng 5 c.c. of normal HCl. In order to 

iLB bicarbonate with the total COt, a fresh sample 

- '"■ normal hydrochloric acid and methyl-orange 

n.1 1 .1 ...1 ...... .- ^ used, mnlti- 



am? ^ 



of ammonia r 




lire. The number of cubic 
! milligrammes of C0| present a 
tho former yields the totaj COj. 
admits of calculating the proporti 



I l,t: i.,il.,v.u,n l.ii luula admits Of calouiatmgtl 
NnllCU, ill a iiiiitunj containing both, if we kni 
N(i|0— 0, and the total C0|=(. There is present 



Th" total CO, jiresont may also be es 
Moruhlowtki (Zuitsuh. f. angew. Chem. 
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F.—TABLES. 

1.-SPECIFIC GRAVITIES OF SOLUTIONS OF SODIUM 
CARBONATE AT 60" F=15*'C.* 





Percentage by weight. 


1 cable foot of solution contains 


T orfi.dilp11 






X w% clrVLvlCll* 


Na,0 


NaaCO, 


Na.O 


Na.CO, 


48% ash.t 


1 


0-28 


0-47 


0-172 


0-294 


0-358 


2 


0-56 


0-95 


0-350 


0-598 


0-728 


3 


0-84 


1-42 


0-525 


0-898 


1-094 


4 


1-11 


1-90 


0-707 


1-209 


1-473 


5 


1-39 


2-38 


0-889 


1-521 


1-853 


6 


1-67 


2-85 


1-070 


1-830 


2-230 


7 


1-95 


3-33 


1-257 


2-149 


2-618 


8 


2-22 


3-80 


1-441 


2-464 


3-002 


9 


2-50 


4-28 


1-631 


2-788 


3-397 


10 


2-78 


4-76 


1-852 


3116 


3-797 


11 


3-06 


5-23 


2012 


3-440 


4-192 


12 


3-34 


5-71 • 


2-206 


3-772 ^ 


4-596 


13 


8-61 


6-17 


2-396 


4-097 


4-992 


14 


3-88 


6-64 


2-591 


4-430 


5-397 


15 


4-16 


7-10 


2-783 


4-759 


5-799 


16 


4-42 


7-57 


2-981 


5-098 


6-211 


17 


4-70 


8-04 


3-181 


5-439 


6-627 


18 


4-97 


8-51 


3-382 


5-783 


7-046 


19 


5-24 


8-97 


3-582 


6-125 


7-462 


20 


5-52 


9-43 


3-783 


6-468 


7-880 


21 


5-79 


9-90 


3-989 


6-821 


8-311 


22 


6-06 


10-37 


4-197 


7-177 


8-745 


23 


6-33 


10-83 


4-403 


7-529 


9-174 


24 


6-61 


11-30 


4-615 


7-891 


9-613 


25 


6-88 


11-76 


4-825 


8-249 


10-050 


26 


7-15 


12-23 


5-040 


8-617 


10-500 


27 


7-42 


12-70 


5-256 


8-988 


10-951 


28 


7-70 


13-16 


5-465 


9-354 


11-396 


29 


7-97 


13-63 


5-691 


9-731 


11-857 


30 


8-24 


14-09 


5-908 


10-103 


12-310 



* Obsbrtatioit.— Special experiments have shown that the tables 1 and 2 indicate with 
sufficient accuracy, not merely ttie percentage of solutions of pare sodiom carbunatCj bat 
also that of the dry residue in ordinary tank liquors. 

t Eqaiyalent to 31. 
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P.— TABLES. 



2a.— SPECIFIC GBAVmES OP COXCENTBATED SOLUTIONS OF 
SODIUM CAKBONATE AT 86- P. (SO" C). 





Percentage hj weigfak 


Lb. per cubic foot. 


TwAddell. 










A T«VI%K^AW%** 


Ka,0 


K».CO, 


Xa.O 


Ka,CO, 


48-/. ash 


23 


7-97 


1862 


5-662 


9-681 


11-80 


29 


8-21 


14-04 


5-86 


10H)2 


12-12 


80 


8*46 


14-47 


6-(»6 


10-37 


12-64 


Bl 


8-71 


14-89 


6-27 


10-72 


1306 


82 


8-16 


15-32 


6-48 


11-08 


13-50 


88 


9-21 


15-74 


6-69 


11-43 


13-93 


81 


9-46 


16-18 


6-91 


11-81 


14-39 


85 


9-71 


16-60 


7-11 


1216 


14-82 


86 


9-96 


17-04 


7-33 


12-53 


15-27 


87 


10-21 


17-46 


7-54 


12-90 


15-72 


88 


10-46 


17-89 


7-76 


13-27 


16-17 


89 


10-71 


18-82 


7-98 


13-65 


16-63 


40 


10-97 


18-75 


8-21 


14-03 


1710 


41 


11-22 


19-18 


8-42 


14-40 


17-55 


42 


11-47 


19-61 


8-65 


14-79 


18-03 


48 


11-72 


20-04 


8-88 


15-18 


18-50 


44 


11-97 


20-47 


9-11 


15-57 


18-97 


45 


12-28 


20-90 


9-34 


15-96 


19-45 


46 


12-48 


21-33 


S-56 


16-35 


19-92 


47 


12-73 


21-77 


9-80 


16-76 


20-42 


48 


12-98 


22-20 


10-03 


17-16 


20-91 


49 


13-24 


22-63 


10-27 


17-57 


21-41 


50 


13-49 


23-07 


10-52 


17-98 


21-91 


51 


13-74 


23-50 


10-76 


18-39 


22-41 


52 


14-00 


23-93 


1100 


18-80 


22-91 


53 


14-24 


24-35 


11-25 


19-20 


23-40 


54 


14-49 


24-77 


11-47 


19-61 


23-90 


55 


14-78 


25-19 


11-72 


20-03 


24-41 


56 


14-98 


25-61 


11-95 


20-44 


24-91 


57 


15-22 


2603 


12-20 


20-86 


25-42 


58 


15-47 


26-45 


12-45 


21*28 


25-98 


59 


15-72 


26-87 


12-69 


21-69 


26-48 


60 


15-96 


27-29 


12-94 


2212 


26-95 


61 


16-20 


27-71 


13-18 


22-54 


27-47' 


62 


16-45 


2813 


13-44 


22-97 


27-99 
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2b.— PEECENTAGE OF CONCENTRATED SOLUTIONS OP SODIUM 
CABBONATE, MEASUBED AT 80' C.=86'» F,* 



Specific 


Degrees 
Twaddell. 


lOOlb. contain lb. 


1 litre contains Grms. 


Gravity 
at 30% 


Na,0O. 


Na,CO,, 10 aq. 


Na.CO, 


Na,CO„ 
10 aq. 


1-310 


62 


28-13 


75-91 


868-5 


994-5 


1-300 


60 


27-30 


73-67 


354-9 


957-4 


1-290 


58 


26-46 


71-40 


841-3 


921-0 


1-280 


56 


2562 


69-11 


327-9 


884-7 


1-270 


54 


24-78 


66-86 


314-7 


849-2 


1-260 


52 


23-93 


64-59 


801-5 


818-2 


1-250 


50 


23-08 


62-15 


288-5 


778-5 


1-240 


48 


22-21 


59-94 


275-4 


743-0 


1-230 


46 


21-33 


57-55 


262-3 


707-8 


1-220 


44 


20-47 


55-29 


249-7 


673-8 


1-210 


42 


19-61 


52-91 


237-3 


640-3 


1-200 


40 


18-76 


50-02 


225-1 


607-4 


1-190 


38 


17-90 


48-31 


214-0 


577-5 


1-180 


36 


17-04 


45-97 


201-1 


542-6 


1-170 


84 


16-18 


43-38 


189-3 


510-9 


1-160 


82 


15-82 


41-34 


177-7 


479-5 


1-150 


80 


14-47 


39-04 


164-4 


449-0 


1-140 


28 


13-62 


36-75 


155-8 


419-0 



* This temperature has been exceptionally selected for tables 2a and 2b, because the 
more concentrated liquors cannot exist as such at IS'O. 
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a— INFLUENCE OP TEMPEEATUBE ON THE SPECIFIC 
GBAVITIE8 OF SOLUTIONS OP SODIUM CABBONATK 



O'C. 



198 
188 
177 
166 
156 

146 
136 
126 
116 
106 

096 
086 
075 
004 
053 



1013 
1-033 
1023 
1018 



6" 



10" 



16' 



•195 




•185 




•174 


X 


•ir>i 




•154 




•144 




•lai 




•124 




•114 


1 ♦ 


•104 


4 


•004 




•084 




•073 




•063 


■*■ 


•052 




•012 




•032 




•022 




•012 





193 
183 
172 
162 
152 

142 

•132 
122 
112 
102 

•092 
•082 
•071 
•061 
•051 

•041 
•031 
•021 
•Oil 



1 
1 
1 
1 



1' 
1 
1 
1 
1 

1 
1 



1 
1 
1 
1 



240 
230 
220 
210 
200 

190 
180 
170 
160 
150 

140 
130 
120 
110 
100 

090 
080 
070 
060 
050 

010 
030 
020 
010 



tor 



26* 



1 
1 



288 

228 
218 
208 
198 

188 
178 
168 
158 
148 

188 
128 
118 
108 
098 

088 
078 
069 
059 
049 

039 
029 
019 
009 



1 
1 
1 
1 



286 
225 
215 
206 
196 

186 
176 
166 
156 
146 

186 
126 
116 
106 
096 

086 
076 
067 
057 
048 

038 

028 
018 
008 



80* 



1-2^ 
1-274 



1 
1 
1 
1 



263 
252 
241 

234 
223 
218 
204 
194 

184 
174 
164 
154 
144 

184 
124 
114 
104 
094 

084 
074 
065 
056 
046 

036 
026 
016 
006 



W 



4£r 



1-282 
1-271 
1-260 
1-250 
1-239 

1-232 



221 
210 
201 
192 

182 
172 
162 
152 
142 

182 
122 
112 
102 
092 

082 
072 
063 
054 
044 

034 
024 
014 
004 



279 
267 



1-257 



1 
1 
1 
1 



46* 



247 
286 

280 
219 
208 
199 
189 

179 
169 
160 
150 
139 

129 
120 
110 
100 
090 

080 
070 
061 
052 
042 

082 
022 
012 

002 



1-276 
1-266 
1-254 
1-244 
1-288 

1-227 
1-216 
l-2(» 
1-196 
1186 

1-176 
1-166 
1-157 
1-148 
1-186 

1126 
1-117 
1-107 
1-098 
1-088 

1-078 
1-068 
1-059 
1-050 
1-040 

1-080 
1-020 
1-010 
1-000 



60* 



1-273 
1-262 
1-251 
1-240 
1-230 

1-224 



213 
'201 
192 
183 

178 

168 
154 
145 
184 

128 

114 
104 
095 
•085 

075 
065 
056 
047 
037 

027 
•017 
007 
0-997 
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a-INFLUENCE OF TEMPERATUEE ON THE SPECIFIC 
GRAVITIES OF SOLUTIONS OF SODIUM CARBONATE.— Con^inwaf. 



66"* 


60' 


66"* 


70" 


76* 


80' 


85- 


90' 


96' 


100' 


1-270 


1-267 


1-264 


1-260 


1-256 


1-252 


1-247 


1-243 


1-238 


1-234 


1-259 


1-256 


1-253 


1-249 


1-244 


1-240 


1-236 


1-232 


1-228 


1-224 


1-248 


1-245 


1-241 


1-237 


1-233 


1-229 


1-226 


1-222 


1-218 


1-215 


1-237 


1-234 


1-230 


1-227 


1-224 


1-220 


1-217 


1-213 


1-210 


1-206 


1-226 


1-223 


1-220 


1-216 


1-213 


1-210 


1-207 


1-204 


1-200 


1-197 


1-220 


1-217 


1-213 


1-210 


1-206 


1-203 


1-199 


1-195 


1-191 


1-188 


1-209 


1-206 


1-202 


1-199 


1-195 


1-192 


1-188 


1-184 


1-181 


1-178 


1-198 


1-194 


1-191 


1-188 


1-184 


1-181 


1-178 


1-174 


1-171 


1-168 


1-189 


1-185 


1-182 


1-178 


1-175 


1-172 


1-168 


1-165 


1-162 


1-159 


1-179 


1-176 


1-172 


1-168 


1-165 


1-162 


1-158 


1-155 


1-152 


1-149 


1-169 


1-666 


1-163 


1-159 


1-156 


1-153 


1-149 


1-146 


1-143 


1-140 


1-160 


1-156 


1-153 


1-150 


1-147 


1-144 


1-140 


1-137 


1-134 


1-131 


1-151 


1-147 


1-144 


1-141 


1-138 


1-135 


1-131 


1-128 


1-125 


1-122 


1-142 


1-139 


1-136 


1-133 


1-130 


1-126 


1-123 


1-120 


1-117 


1-114 


1-131 


1-128 


1-125 


1-122 


1-119 


1-116 


1-113 


1-110 


1-107 


1-104 


1-120 


1-118 


1-115 


1-112 


1-109 


1-106 


1-103 


1-100 


1-097 


1-094 


1-111 


1-108 


1-105 


1-102 


1-099 


1-096 


1-093 


1-090 


1-087 


1-084 


1-101 


1-098 


1-095 


1-092 


1-089 


1-086 


1-083 


1-080 


1-077 


1-074 


1-092 


1-089 


1-086 


1-083 


1-080 


1-077 


1-074 


1-071 


1-068 


1-065 


1-082 


1-079 


1-076 


1-073 


1-070 


1-067 


1-064 


1-061 


1-058 


1-055 


1-072 


1-070 


1-067 


1-064 


1-061 


1-058 


1-055 


1-052 


1-049 


1-046 


1-062 


1-060 


1-057 


1-054 


1-052 


1-049 


1-046 


1-043 


1-040 


1-038 


1-053 


1-051 


1-048 


1-045 


1-043 


1-040 


1-037 


1-034 


1-032 


1-029 


1-044 


1-041 


1-038 


1-036 


1-032 


1-030 


1-028 


1-025 


1-023 


1-020 


1-034 


1-032 


1-029 


1-027 


1-024 


1-021 


1-019 


1-016 


1-014 


1-011 


1-024 


1-022 


1-019 


1-017 


1-015 


1-012 


1-010 


1-007 


1-005 


1-003 


1-014 


1-012 


1-009 


1-007 


1-005 


1-002 


1-000 


0-997 


0-995 


0-993 


1-004 


1-002 


0-999 


0-997 


0-995 


0-992 


0-990 


0-987 


0-985 


0-983 


0-994 


0-992 


0-989 


0-987 


0-985 


0-982 


0-980 


0-977 


0-975 


0-978 




G.— ANALYSIS OF COMMEBCIAL SODA-ASH. 

When merely the available alkali (alhalimetrical degree) has t< 

tained, it is convenient to weigh out 15-5 grma., todiaaolve in a 50 .. , 

and to take for each teat 50 c.c, (in Germany, without filtering ; in England, 
Bometimes with, sometimes without). In Una case each ouhie centimetre of 
Htandard acid indicates O031 grm. Na,0, or just 2 per cent, of available 
alkali (NagO). The standard acid is normal hydrochloric acid, containing 
S&S grms. HGl per litre, and standardized both with pure sodium carbcmate 
and with Eilver nitrate. (Befer to Appendis.) The indicator is either 
litmus (in which caae the liquor has to he boiled for some time) or mora 
conveniently methyl-orange (which is used with cold liquors). 

For a compUie analysis of oommerciat Boda-a£h 60 grms. are dissolved in 

1, Tkt iTOoluNe Heiidae is £lt«red and washed, the £ltrai« and washings 
are diluted up to 1 litre, and the following tests are made with this liquor. 

2. Sodium Uarbotiale is found by titrating 20 c.c. (equal to 1 grm. of soda- 
ash) with normal HCl, deducting the amount of No. 8. That of No. 4 ia 
always too small to take notice of in this case. 

8. Sodium. Hydrate is estimated by barium chloride, according to page 129. 

4. Sodium Salphide.— 100 CO. (equal to 6 grms. of &sh) are titrated with 
ammoniacal silver nitrate (refer to Appendix), containing 13'8J5 ^ns. Ag 
per litre, and indicating 0-O(fi grm. Na,8 per cubic centimetre. Heat the 
soda liquor to boiling, add ammonia, and run in the silver solution from 
a burette, divided in ^ c.c, till no further black precipitate of Ag^ ia pro- 
duced, in order to observe this more accurately the liquid is filtered 
towards the end of the operation, and the titration is continued if necessary. 
This filtration ia several times repeated. Each cubic centimstre of Bilvor 
solution indicates O-l per cent, of NajS in the alkali. 

5. Sodium Su^pAite.— Acidulate 100 o.c (equal to Sgrms. soda-ash) with 
acetic acid, add starch solution, and titrate with iodine till a blue colour 
appaiis. A decinormal iodine solution shows OMXieS grm. NosSOj per oubio 
centimetre {in this case 0-126 per cent.). The solution mentioned on page 
180 of 3-266 grms, iodine per litre showa 0O01615 arm. NajSOj (in this case 
(H)S28 per cent.). From this should be deducted the amount correspondiiig 
to test No. 4 ; 1 ce. of the silver solution can be put equal to I'Scc. of tha 
decinormal or equal to 5'0 c.c of the weaker iodine solution. 

6. Sodium Sulphate. — Acidulate 20 cc. of the liquor (equal to 1 grm. sodo- 
B8h) with hydrochloric acid, precipitate with barium chloride, as on page 94, 
Bud weigh the BaSO^ of which 1000 part la equal ta 0-6094 part Na^O,. 

7. Sodiam Chloride. — Neutralize 20 0.0. (equal to 1 grm. soda-ash) exactly 
with nitric acid, preferably by adding exactly as many cubic ccntimetr^ 
normal nitric acid from a burette as had been used in test No. 1 -, then odd 
neutral potassium chromate, and titrate with decinormal silver ritratA nn 
described on pagell7. Each cubic oentimetre of this shows 0-00535 g 

8. Iron. — Neutralize 100 cc. (equal to 5 grms. aoda-ash) with sulpl 
free from iron, reduce by zinc free from iron (p. 114), and tit 
l-20th normal potassium permanganate, of which each cubic centimetre 
showa O-0(B8 grm. Fe, or in this case 0-056 per cent. Pe. 

^.—TaUe far Comparing French, German, and English Commercial Alkali- 
metrical Degrees. — The French or DescroiziUes degrees mean the quantityof 
real sulphuric acid, SO,Hi, neutraUaed by 100 parts of soda-ash. The 
German degrees express the avaiiable alkali in terms of sodium carbonate, 
Jfa^COg. Hi England some works invoice in real per cent, of soda, Na]0, aa 



L.NaCl. 
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fonnd in the first oolmnn of the following tables. The Newcastle test is 
haaeA. on the equivalent 82 for Na20, or 59*25 degrees for pure NagCOs aJ^d 
invoices fractions of degrees. 

FRENCH, GEEMAN, AND ENGLISH COMMERCIAL ALKALI- 

METBICAL DEGEEES. 



Real 


Qerman 


New- 
castle 




Beal 


German 


New- 
castle 




Soda 


degrees 


French 


Boda 


degrees 


French 


Na.O 


Na,CO, 


degrees. 


degrees. 


Na,0 


Na,CO, 


degrees. 


degrees. 


05 


085 


0-51 


0-79 


18 


80-78 


18-23 


28-45 


1 


1-71 


1-01 


1-58 


18-5 


31-63 


18-74 


29-24 


1-5 


2-56 


1-52 


2-37 


19 


32-49 


19-25 


30-03 


2 


8-42 


2-03 


316 


19-5 


83-34 


19-76 


80-82 


2-5 


4-27 


2-54 


3-95 


20 


84-20 


20-26 


31-61 


8 


518 


3-04 


4-74 


20-5 


85-05 


20-77 


82-40 


8-5 


5-98 


3-55 


5-53 


21 


35-91 


21-27 


83-19 


4 


6-84 


4-05 


6-32 


21-5 


36-76 


21-78 


83-98 


4*5 


7-69 


4-56 


7-11 


22 


37-62 


22-29 


84-77 


5 


8-55 


5-06 


7-90 


22-5 


88-47 


22-80 


35-56 


5-5 


9-40 


5-57 


8-69 


23 


39-33 


23-30 


36-35 


6 


10-26 


6-08 


9-48 


23-5 


40-18 


23-81 


87-14 


6-5 


nil 


6-59 


10-27 


24 


41-04 


24-31 


37-93 


7 


11-97 


7-09 


11-06 


24-5 


41-89 


24-82 


38-72 


7-5 


12-82 


7-60 


11-85 


25 


42-75 


25-32 


39-51 


8 


13-68 


8-10 


12-64 


25-5 


43-60 


25-83 


40-30 


8-5 


14-53 


8-61 


13-43 


26 


44-46 


26-34 


41-09 


9 


15-39 


9-12 


14-22 


26-5 


45-81 


26-85 


41-88 


9-5 


16-24 


9-63 


15-01 


27 


46-17 


27-35 


42-67 


10 


17-10 


10-13 


15-81 


27-5 


47-02 


27-86 


43-46 


10-5 


17-95 


10-64 


16-60 


28 


47-88 


28-36 


44-25 


11 


18-81 


11-14 


17-39 


28-5 


48-73 


28-37 


45-04 


11-5 


19-66 


11-65 


18-18 


29 


49-59 


29-38 


45-83 


12 


20-52 


12-17 


18-97 


29-5 


50-44 


29-89 


46-62 


12-5 


21-37 


12-68 


19-76 


30 


51-29 


30-39 


47-42 


18 


22-23 


13-17 


20-55 


80-5 


52-14 


30-90 


48-21 


13-5 


23-08 


13-68 


21-34 


31 


53-00 


31-41 


49-00 


14 


23-94 


14-18 


2213 


31-5 


53-85 


81-91 


49-79 


14-5 


24-79 


14-69 


22-92 


32 


54-71 


32-42 


50-88 


15 


25-65 


15-19 


23-71 


32-5 


55-56 


82-92 


51-87 


15-5 


26-50 


15-70 


24-50 


83 


56-42 


33-43 


52-16 


16 


27-36 


16-21 


25-29 


33-5 


57-27 


83-94 


52-95 


16-5 


28-21 


16-73 


26-08 


34 


58-13 


84-44 


53-74 


17 


29-07 


17-22 


26-87 


34-5 


58-98 


84-95 


54-53 


17-5 


29*92 


17-73 


27-66 


35 


59-84 


85-46 


55-32 
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FRESCH, GERMAN, AND ENGLISH COMMERCIAL ALKALI- | 






SIETEICAI. DEGREES.— 


?oiiliHued 






Beal 


GennBO 


Ne«- 




Htal 


Garman 


New- 




Boda 


Ue^ 




8od» 


degiGH 


Prenoh 


KB.0 


H»,CO, 


tlS?U. 


da«™.. 


K..O 


K»,CO, 


dS^. 


degrees. 


ffi.-5 


60-69 


35-96 


66-11 


53 


90-61 


63-70 


mn 


86 


61-55 


36-47 


56-90 


53-5 


91-47 


64-20 


8466 


86-5 


62-40 


3698 


57-69 


54 


92-8-2 


54-71 


85-35 


87 


63-26 


87-48 


58-48 


54-5 


93-18 


55-22 


86-14 


87-5 


64-11 


37-98 


59-27 


55 


94-03 


65-72 


86-93 


88 


&i-97 


88-50 


60-06 


55-5 


94-89 


56-23 


87-72 


88-5 


K-82 


89-00 


60-85 


56 


95-74 


56-74 


88-62 


89 


66-68 


89-51 


61-64 


56-5 


96-60 


57-24 


89-31 


89-B 


67-53 


40-(B 


62-43 


57 


97-.15 


57-76 


90-10 


I 40 


68-39 


40-52 


63-22 


57-5 


98-31 


58-26 


90-89 


L 40-5 


69-24 


41-03 


64-01 


58 


9916 


58-76 


91-68 


1 41 


70-10 


41-M 


64-81 


58-5 


10002 


59-27 


92-47 


1 41-5 


70-K 


i2-0i 


65-60 


59 


100-87 


59-77 


93-26 


r 42 


71-81 


42-K 


66-39 


59-6 


101-73 


6(>28 


94-05 


4S'5 


72-66 


4306 


67-18 


60 


10-2-58 


60-79 


94-84 


43 


73-53 


43-57 


67-97 


60-5 


103-44 


61-30 


95-69 


43-5 


74-37 


44-07 


66-76 


61 


104-30 


61-80 


96-42 


44 


75-23 


44-58 


69-M 


61-5 


106-15 


6-2-31 


97-21 


44'5 


76-08 


45-08 


70-84 


62 


lOC-01 


6-2-82 


98-00 


45 


76-M 


45-69 


71-18 


62-6 


106-S6 


63-32 


98-79 


45-5 


77-90 


4610 


71-92 


63 


107-72 


63-83 


99-58 


46 


78-66 


46-60 


72-71 


63-5 


108-57 


64-33 


100-37 


46-5 


79-51 


47-11 


73-50 


64 


109-43 


64-84 


101-16 


47 


80-37 


47-82 


74-29 


64-5 


110-28 


65-^ 


101-96 


47-5 


81-22 


48-12 


75-08 


65 


111-14 


65-ffi 


102-74 


48 


82-07 


48-63 


75-87 


65-5 


111-99 


66-36 


103-58 


4S-5 


82-!J3 


49-14 


76-66 


66 


113-85 


66-87 


iM-sa 


4!) 


83-78 


49-64 


77-45 


66-5 


113-70 


67-37 


105-11 


49-5 


84-64 


60-15 


78-24 


67 


114-56 


67-88 


l(B-90 


50 


85-« 


50-60 


79-03 


67-6 


115-41 


68-39 


106-^ 


50-5 


86-34 


51-16 


79-82 


68 


lIfi-27 


68-89 


107-48 


51 


87-19 


51-67 


80-61 


68-5 


117- la 


69-40 


106-27 


51-5 


8S-(6 


5-2-18 


81-40 




117-93 


69-91 


109K» 


52 


88-90 


52-68 


82-19 


69-5 


118-S3 


70-41 


109-ffi 


52-5 


89-76 


58-19 


82-98 


70 


119-69 


7092 


110*4 




i 
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FEENCH, G12EMAN, AND ENGLISH COMMEECIAL ALKAU- 

METEICAL DEGILEES.— Continued. 



Beal 


German 


New- 
castle 
degrees. 




Beal 


German 


New. 

castle 

degrees. 




8oda 
Na,0 


degrees 
Na,GO. 


Prencli 
degrees. 


Soda 
Na,0 


degrees 
Na,CO, 


French 
degrees. 


70-5 


120-53 


71-43 


111-43 


75-5 


129-08 


76-49 


119-34 


71 


121-39 


71-93 


112-23 


76 


129-94 


77-00 


120-13 


71-5 


122-24 


72-44 


113-02 


76-5 


130-79 


77-51 


120-92 


72 


123-10 


72-95 


113-81 


77 


131-65 


78-01 


121-71 


72-5 


123-95 


73-45 


114-60 


77-5 


132-50 


78-52 


122-50 


73 


124-81 


73-96 


115-89 










73-5 


125-66 


74-47 


116-18 










74 


126-52 


74-97 


116-97 










74-5 


127-37 


75-48 


117-76 










75 


128-23 


75-99 


118-55 











H— CAUSTIC SODA. 

1.— CArSTIC LIQUOE. 

(a) Test for availalle alkali and sodium carbonate (as described p. 138). 
An eocact estimation of COj, which is rarely necessary in this case, could lie 
made by expelling it with dilate sulphuric acid, and absorbing it in soda 
lime (p. 95). 

lb) SPECIFIC GEAVITIES OF SOLUTIONS OF SODIUM HYDEATE 

(60° F.— 15** C). 



»— 1 

o 


Grms. 


Lbs. 


per cubic foot. 


• 

o 


Grms. 


Lbs. 


per cubic foot. 


1 


per 

litre. 

Na.O. 


Na.O. 


48% 
Obh. 


eo% 

caustic. 


1 

^ 
H 


per 

litre. 

NaaO. 


Na.O. 


48% 
ash. 


60% 
causcic. 


1 


87 


•23 


•49 


•89 


11 


41-6 


2-59 


5-41 


4-32 


2 


7-5 


-47 


-98 


•78 


12 


45-5 


2-83 


5-91 


4-73 


8 


11-3 


-70 


1-47 


1^17 


13 


49-4 


3-08 


6-41 


5-13 


4 


15-1 


-94 


1-96 


1-56 


14 


53-2 


3-32 


6-92 


5-53 


5 


18-8 


1-17 


2-45 


1-96 


15 


57-1 


3-56 


7-42 


5-94 


6 


22-6 


1-41 


2-94 


2-35 


16 


61-0 


3-80 


7-03 


6-34 


7 


26-4 


1-64 


3-43 


2-74 


17 


64-9 


4-04 


8-43 


6-71 


8 


80-2 


1-88 


3-92 


3-13 


18 


68-8 


4-29 


8-93 


7-15 


9 


839 


2-11 


4-41 


3-53 


19 


72-7 


4-53 


9-44 


7-55 


10 


37-7 


2-35 


4-90 


3-92 


20 


76-5 


4-77 


9.94 


7-95 



r 
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' (6) SPECIFIC 


GEAVITIES OP SOLUTIONS OP SODIUM HYDRATE 1 






(BO'F.— I5°C.).— Co 


tinned. J 


~T~ 


Grms. 


Lbs. pec cubio (oot. 


1 


'E: 


LbB. per cnbi 


foot. 








«% 


80^ 




*BX 


eax 


K..0. 


Na,0, 




Cftnsuc 




Bb.O. 


Ntt,0. 


sbH. 




21 


80-4 


6-01 


10-45 


8-36 


61 


279-3 


17-41 


36-28 


29-02 




m-3 


5-25 


10-95 


8-76 


62 


285-4 


17-79 


37-07 


29-66 


23 


83-2 


5-50 


11-46 


9-16 


63 


291-5 


18-18 


37-87 


80-29 


24 


92-1 


5-74 


11-96 


9-57 


64 


297-7 


18-56 


88-67 


30-98 


25 


96'0 


5-98 


12-46 


fl-97 


65 


303-8 


18-94 


89-46 


31-57 


26 


100-6 


6-26 


18-(K 


1044 


66 


809-9 


19-32 


40-26 


82-20 


27 


1(6-0 


6-K 


13-64 


10-91 


67 


8160 


19-70 


41-05 


32-84 


28 


109-6 


6-83 


14-28 


11-39 


68 


322-2 


20-08 


41-^ 


33-47 


29 


114-1 


7-11 


14-82 


11-86 


69 




20-47 


42-64 


34-U 


80 


118-6 


7-89 


15-41 


1283 


70 


831-4 


20-^ 


43-44 


34-'^ 


81 


123-2 


7-68 


16-00 


12-80 


71 


340-8 


21-25 


44-27 


K-41 


82 


127-7 


7-96 


16-59 


18-27 


72 


3i7-2 


21-65 


45-10 


36-03 




132-2 


8-24 


17-18 


13-74 


73 


853-6 


22-05 


45-94 


36-75 


84 




8-53 


17-77 


14-21 


74 


3601 


22-45 


46-77 


87-41 


85 


141-3 


8-81 


18-36 


14-68 


76 


366-5 


22-85 


47-60 


88-08 


86 


145-8 


909 


1894 


15-15 


76 


872-9 


23-25 


48-44 


88-76 


87 


150-4 


9-37 


19-53 


15-63 


77 


379-3 


23-65 


49-27 


89-41 


88 


154-9 


9-6G 


20-12 


16-10 


78 


885'7 


24-05 


50-10 


mm 


89 


159-4 


9-94 


20-71 


16-57 


79 


392-1 


24-45 


60-94 


40-7B 


40 


164-0 


10-22 


21-30 


17-04 


80 


898-5 


24-&i 


61-77 


41-41 


41 


169-4 


10-56 


22-00 


17-60 


81 


405-2 


25-26 


52-63 


42-10 


42 


174-7 


10-89 


i^-70 


18-16 


82 


411-8 


25-67 


53-49 


42-79 


43 


180-1 


11-23 


23-40 


18-72 


83 


418-4 


2608 


64-34 


43-47 


44 


185-5 


11-56 


24-10 


10-28 


St 


425-0 


26-50 


65-ao 


44-18 


45 


190-9 


11-90 


24-90 


19-34 


85 


431-6 


26-91 


56-06 


44-^ 


46 


196-3 


12-24 


25-50 


20-40 


86 


438-2 


27-32 


56-92 


45-58 


47 


201-7 


1257 


26-20 


20-96 


87 


444-8 


27-73 


67-78 


46-32 


48 


207-0 


12-91 


26-89 


21-51 


88 


451-4 


28-14 


58-63 


46-91 


49 


212-4 


13-24 


27-69 


2207 




458-0 


28-56 


69-49 


47-59 


60 


217-8 


13-58 


28-29 


22-63 


90 


464-6 


28-97 


60-85 


48-28 


61 


228-4 


18-92 


2901 


23-21 


91 


472-8 


29-44 


61-34 


49-07 


52 


228-9 


U-27 


29-73 


23-78 


92 


479-9 


29-92 


62-53 


49-86 


m 


284-4 


14-61 


SfriS 


24-36 


93 


487-6 


30-39 




50-65 


54 


210-0 


U-96 


81-17 


24-98 


94 


495-3 


30-87 


M-31 


61-44 


B6 


245-5 


15-81 


31-89 


25-51 


85 


502-9 


81-34 


65-29 


52-28 


56 


251-0 


15-65 


3-2-61 


26-08 


96 


510-6 


81-82 


66-28 


63-09 


57 


256-6 


1600 




26-66 


97 


618-2 


32-29 


67-27 


53-81 


5B 


26-2-1 


16-3i 


34-05 


27-24 




5ffi-9 


32-76 


68-26 


54-60 


59 


267-6 


16-69 


34-77 


27-81 






33-28 


69-25 


55-40 


60 


273-2 


17-03 


35-48 


28-89 


100 


541-2 


33-75 


70-30 


56-34 


L. 
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(c) mPLUENCE OP TEMPEEATUEE ON THE SPECIFIO 
GEAVITIES OF SOLUTIONS OF CAUSTIC SODA. 



O'O. 


't" 


W 


15- 


2cr 


26« 


80' 


86' 


40' 


46* 


60" 


1-867 


1364 


1-362 


1-360 


1-357 


1-355 


1-353 


1-350 


1-348 


1-345 


1-342 


1-357 


1-354 


1-352 


1-350 


1-347 


1-345 


1-343 


1-340 


1-337 


1-335 


1-332 


1-347 


1-344 


1-342 


1-340 


1-338 


1-335 


1-333 


1-330 


1-327 


1-325 


1-322 


1-338 


1-335 


1-332 


1-330 


1-328 


1-325 


1-323 


1-320 


1-317 


1-315 


1-312 


1-328 


1-326 


1-322 


1-320 


1-318 


1-315 


1-313 


1-310 


1-307 


1-305 


1-302 


1-318 


1-315 


1-313 


1-310 


1-308 


1-305 


1-303 


1-300 


1-297 


1-294 


1-292 


1-308 


1-305 


1-303 


1-300 


1-297 


1-294 


1-292 


1-289 


1-287 


1-284 


1-282 


1-298 


1-295 


1-293 


1-290 


1-287 


1-284 


1-282 


1-279 


1-277 


1-274 


1-272 


1-288 


1-285 


1-283 


1-280 


1-277 


1-274 


1-272 


1-269 


1-267 


1-264 


1-262 


1-278 


1-275 


1-273 


1-270 


1-267 


1-265 


1-262 


1-260 


1-258 


1-255 


1-252 


1-268 


1-265 


1-263 


1-260 


1-257 


1-255 


1-252 


1-250 


1-248 


1-245 


1-242 


1-257 


1-255 


1-252 


1-250 


1-247 


1-245 


1-242 


1-240 


1-238 


1-285 


1-233 


1247 


1-245 


1-242 


1-240 


1-237 


1-235 


1-232 


1-230 


1-228 


1-225 


1-223 


1-237 


1-235 


1-232 


1-230 


1-227 


1-224 


1-222 


1-220 


1-218 


1-215 


1-212 


1-227 


1-225 


1-222 


1-220 


1-217 


1-214 


1-212 


1-210 


1-208 


1-205 


1-202 


1-217 


1-215 


1-212 


1-210 


1-207 


1-204 


1-203 


1-200 


1-198 


1-196 


1192 


1-207 


1-205 


1-202 


1-200 


1197 


1195 


1-193 


1-190 


1-188 


1186 


1-184 


1-197 


1195 


1-192 


1190 


1-187 


1185 


1-183 


1180 


1178 


1176 


1-174 


1187 


1-185 


1-182 


1180 


1177 


1175 


1-173 


1-170 


1168 


1-166 


J -164 


1-176 


1-174 


1-172 


1-170 


1167 


1165 


1-163 


1-161 


1-158 


1156 


1-154 


1-166 


1-164 


1-162 


1-160 


1-157 


1-155 


1153 


1-151 


1-148 


1146 


1-144 


1-156 


1154 


1-152 


1150 


1-148 


1-146 


1-144 


1142 


1140 


1137 


1-135 


1-146 


1144 


1-142 


1140 


1-138 


1-136 


1-184 


1132 


1130 


1-127 


1-125 


1-136 


1-134 


1132 


1-130 


1-128 


1-126 


1-124 


1122 


1120 


1-118 


1116 


1-126 


1-124 


1122 


1120 


1-118 


1116 


1-114 


1112 


1110 


1-108 


1-106 


1115 


1-113 


1-112 


1-liO 


1-108 


1-106 


1-104 


1-102 


1-100 


1-099 


1-097 


1-105 


1103 


1-102 


1-100 


1-098 


1096 


1095 


1-093 


1092 


1-090 


1087 


1-094 


1-093 


1091 


1090 


1-088 


1-087 


1-086 


1084 


1-082 


1080 


1-078 


1-084 


1-083 


1-081 


1-080 


1-078 


1-077 


1-076 


1074 


1072 


1-070 


1068 


1074 


1-073 


1071 


1070 


1068 


1-067 


1-066 


1064 


1062 


1060 


1-058 


1-064 


1-063 


1061 


1-060 


1-058 


1057 


1-056 


1-054 


1-052 


1-050 


1-048 


1054 


1-053 


1-051 


1-050 


1048. 


1-047 


1046 


1-044 


1042 


1-040 


1-038 


1-044 


1-043 


1041 


1-040 


1-038 


1037 


1036 


1034 


1032 


1030 


1-028 


1034 


1-033 


1031 


1-030 


1-028 


1-027 


1-026 


1-024 


1022 


1-020 


1-018 


1-024 


1023 


1-021 


1-020 


1-018 


1-017 


1-016 


1-014 


1-012 


1010 


1008 


1-014 


1-013 


1011 


1010 


1-008 


1-007 


1-006 


1-004 


1-002 


1-000 


0-998 



2.-.LIME MUD. 

(a) Sodium as Carbonate and Hydrate. — Evaporate to dryness with addition 
of ammoniam carbonate (in order to decompose the insoluble sodium com- 
pounds), repeat this, digest with hot water^ filter, wash, and test the filtrate 
for al^U. The soda may have been originally present as NaOH or as 
NagCOs. It is expressed in terms of Na^O (0*031 grm. per cubic centimetre 
of normal acid). 
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(e) INFLUENCE OP TEMPEEATUBE ON THE SPECIPIO H 




GEAVITIES OF SOLUTIONS OF CAUSTIC SODA.— Continued. H 


?^ 


«r 


«■ 


70- 


..- 


<»■ 


»■ 


«■ 


«• 


i«r ■ 




339 


1-3SB 


rB33 


1-331 


1-328 


1-336 


1-323 


1-331 


1-318 


isufl 




330 


1-327 


1-S21 


r832 


1-319 


1-316 


1-814 


1-311 


1-308 








1-317 


1-314 


1-313 


1-300 


1-306 


1-304 


ISOt 


1-298 






110 


1-307 




1-302 


1-299 


1-296 


1-294 


1-391 


1-388 






30Q 


1297 


l-2y4 


1-292 


1-380 


1-286 


1-2S3 


1-280 


1-877 






289 


1-280 


1284 


1'281 


1-278 


1-375 


1-272 


1-209 


1-386 






279 


1-276 


l'S74 


l'S7l 


1-268 


1-365 


rana 


1359 


1-366 


i-ffiSv 




269 


1-206 


1-264 


1-361 


1-258 


1-256 


1-352 


1-M9 


1-345 


1-242 




250 


1-256 


1-254 


1-251 


1-248 


1-245 


1-242 


1-289 


1-235 


1-333 




250 


1247 


1-245 


I-24S 


1-230 


1-236 


1-333 


1-281 


1-228 


1-335 




210 


1-287 


1-235 


1383 


1'820 


1-226 


1-233 


1-221 


:-218 


ia;5 




281 


1-328 


1-326 


1323 


1220 


1-218 


1-315 


1-213 


1-200 


im-r^ 




221 


l-2ia 


1-sie 


1-213 


1-210 


1-208 


1-205 


1-308 


1-300 


imM 




210 


i-2ua 


l'2(fi 


1203 


1-aoo 


1-198 


1-195 


1-192 


1-190 


i-iH 




200 


1198 


1195 


1-193 


1-190 


1-188 


1-185 


1-182 


1-180 


1-uM 




191 


1189 


1-18S 


ri8t 


1-181 


1-170 


1-176 


1-173 


1-171 


1-16^ 




lea 


1-180 


1-177 


i-i;b 


1-173 


1-169 


1-166 


1-163 


1-161 


iiSr^ 




173 


I-1B9 


1166 


1-164 


1-161 


1158 


1-155 


1-153 


1-150 


1-147 




162 


1-150 


1-156 


1163 


1-151 


1-148 


1-1.15 


1-143 


1-140 


1-1S7 




IG3 


1-149 


1'146 


1-143 


1-140 


1-138 


1-135 


1-183 


1-130 


1-137 




143 


1-139 


1-136 


1-133 


1-lSO 


1-128 


riB5 


riaa 


1-130 


1117 




132 


1-180 


1-127 


I'lBl 


1-iai 


1-118 


1-110 


1-113 


1-110 


1-107 




132 


1-120 


1-117 


1-111 


1-lU 


1-108 


1-100 


1-103 


1-100 


1097 




113 


1-110 


1107 


1-lM 


i-ioi 


1-099 


1-OOfi 


1-003 


lOBO 


1-087 




103 


1-100 


1097 


1-094 


1-093 


lOBU 


1-080 


1-063 


1-080 


1-077 




094 


1-001 


1'089 


1-036 


1-083 


1-080 


1-077 


1-074 


1-071 


1-06S 




084 


1-0H3 


1079 


1-076 


1-078 


1-070 


1-007 


1-064 


1-061 


1-066 




076 


1-078 


1-070 


1-067 




1-061 


1-058 


1-056 


1-063 


1-(M8 




006 


l-OfiS 


1000 


1-057 


1-054 


1-051 


1-018 


1-046 


1-043 


i-wo 




056 


1'063 


1050 


1047 


1-W4 


1-043 


1-039 


1-036 


1038 


1-OSO 




0J6 


1013 


i-ow 


1-037 


1-034 


1-083 


1-029 


i-nse 


1-023 


1-020 




036 


1033 


1030 


1-027 


1-024 


1-021 


1-010 


1-016 


1-013 


1010 




026 


r023 


ro20 


f017 


1-014 


1011 


1-009 


1-noa 


1-O03 


1-000 




016 


I'OIS 


1-010 


1-007 


1-004 


1-001 




0-996 


0-993 


0-000 


1006 


1003 


1-000 


0-897 


0-994 


0-901 


0989 


0-986 


O-0e3 


0-9B0 





990 


0-m 


0-990 


0-987 


0'9S4 


0-981 


0079 


976 


0-073 


0-970 




(6) Cawtic £.'me.— Titrate as described fii. Vih) with oxalic acid. This 


indiiartea NaOH bs well, for which half of the amolmt found in test (o) may 


be Bsaumed without any serious error. 


(e) Calcium forionnfp. — Titrate with normal hydrochioric acid and 
methyl-orange, deduct from the cubic centimetres required those required 


in teats (a) and (6). 

L 


k 


^ i^K 
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8.-FI8HED SALTS. 

Dissolve 50 grms. in 1 litre of water, and take 50 c.c. of liqnor for each test. 

(a) AvaiUible Alkali is tested for with normal hydrochloric acid. 

(b) Sodium Chloride, — Neutralize with nitric acid, preferably running 
normal acid out of a burette, and proceed also in other respects as described 
(p. 117). 

(c) Sodium Sulphate. — Add a slight excess of hydrochloric acid, precipitate 
witn barium chloride, and weigh the BaS04 (p. 04). 

(<£) Sodium Sulphite^ Thiostdphate, etc, — Add an excess of bleaching-powder 
solution, then hydrochloric acid, till the reaction is acid, and a smell of 
chlorine is produced (p. 131); precipitate with BaCl2, weigh the BaS04, 
and deduct the amount found in test (c). The remainder is calculated as 
" Na2S04 from oxidizable sulphur compounds." 

4.— CAUSTIC BOTTOMS. 

Dissolve 10 ^rms. in water, and filter. The washed residue is dried and 
ignited, and yields : — 

(o) Insoluble Matters. — If necessary, the iron contained in these is estimated 
by dissolving in concentrated hydrochloric acid, reducing with zinc, adding 
manganous sulphate, and titrating with permanganate as on page 114. 

(b) Available Alkali is estimated in the aqueous solutions by normal 
hydrochloric acid, using litmus or litmoid as indicator. (Methyl-orange is 
not available in this case, owing to the presence of alumina.) 

(c) Sodium Carbonate is estimated as in commercial soda-ash (p. 138). 

5.— COMMERCIAL CAUSTIC SODA. 

The sample must be very carefully taken. (Refer to Appendix.) The 
single pieces must be freed from the modified outward crust by scraping it 
off before weighing. Dissolve 50 grms. of pure substance in 1 litre of water, 
and take single tests with a pipette. 

(a) Available Alkali is tested in at least 20 c.c. (equal to 1 grm.) with 
normal HCl. If the caustic soda contains more than traces of alumina, 
methyl-orange cannot be used as an indicator, but litmus or litmoid should 
be employed. In the case of strong caustic this is unnecessary. 

(6) Sodium Carbonate must be estimated by expelling the CO2 with dilute 
sulphuric acid, and absorbing it in soda lime, as described (p. 95). The 
pumice saturated with cupric sulphate is left out here. Or employ Lunge 
& Marchlewski's gasvolumetric method (p. 96). The quantity of COg being 
so small, any estimation by difference yields unsatisfactory results. Very 
approximate results can, however, be obtained by titrating first with 
phenolphthalein till the pink colour is discharged (when all NajCOa will 
have been changed into NaHCOg), noting the amount of standard acid used, 
adding methyl-orange and more standard acid till the pink colour appears. 
The acid used in the second test x 2 indicates NajCOs. 

(c) The Table for Comparing English, French, and German Degrees is given 
on pages 189 to 141. 

6.— SULPHUR RECOVERY (CHANCE PROCESS).* 

1. Estimation of Sulphur as Sulphides in Vat Waste, — The apparatus con- 
sists of a small flask fitted with a stop-cock funnel and outlet tube connected 
with two Mohr's potash-bulbs, the first one being empty, the second one 
containing a strong solution of caustic potash. (In lieu of Mohr's bulbs a 

• Partly from oommuaicatioiis by Mr. H. W. Orowther, of Oldbury. 
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tuba of the Bhape ehown in fig. 6, p. 99, can be employed with greftt 
advantttgo,) It 19 prefurable to oonnfict the last potash biUb to an aspirator 
or BuiiBen pump, to produce a Blieht vacuuia. Aboat 2 grins. o{ vat waste 
are put into the flask, and a sumdent quantity of watar is added. Then, 
hydrochloric acid, diluted with its volume of water, is run in from tho 
funnel gradually. After the decomposition has ceased, the liquor is boiled, 
until the whole of the gases are displaced by steam, most of the steam con- 
densing in the first empty potash bulbs. When enough steam haa been 
produced to bring the first bulb of the second set, filled with potash solu- 
tion, up to boiling heat, the tap of the funnel is opened, and the apparatus 
allowed to cool dows. The potash solution ia then transferred to a J or } 
litre flask, made up to the mark ; an aliquot part is taken, diluted with a 
large quantity of previously boiled water (free from air), neutralized with 
acetic acid, and titrated with decinormal iodine, every o.c of which L '' 
catea 00016 grms. S. 

2. Sulphnr as Sulphide in Carbonated Mud. — About 6 grms. are taken, for | 
analysis, and otherwise the test ia conducted just like the preceding one. 

8. Sulpliide-aulpkur+Carbonio Acid in Vat Waste.— Thin teat (which i. 
only exceptionally mada) is carried out in a small Sask, fitted with stopcock 1 
funnel, connected with a U-tube containing aodium aulphate tj> absorb any I 
traces of HCl passing over, and a sufficient number of chloride-of -calcium 1 
tabes to thoroughly dry the gases. To the last of theaa are connected two 1 
weighed potash bulbs containing a strong solution of caustic potash, fol- , 
lowed by weighed CaClj tubes. The whole apparatus being connected, 2 
grms. of vat waste are put into the flask, and some water is added. A 
stream of nitrogen is then passed through the apparatus to displace the 
air. |The nitrogen for this purpose is conveniently made by passmg lime- 
Mhx ^aaea through a solution of caustic soda, then through a red-hot tuba 
containing bright copper clippings to absorb any oxygen, and finally 
through solutions of caustic potash and barium hydrate.] Now the vat 
waste is decomposed by hydrochloric acid, and the contents of the fiash nxe 
boiled. Afterwards a stream of nitrogen is passed through the apparatus 
for a considerable time to displace the H^ and GO, in the fiask and drying 
tubes. The potash bulbs and the last drying tubes are re-weighed, the 
increase showing ths amount of Hj8-|-C0, in the vat waste employed. The 
potash solution is now transferred to a measuring flask^ and the H]S is 
estimated exactly as described in 1. Deducting the amount front the 
increase of weight of the al»orbing apparatus, we find the amount of CO) 
present. 

i. Sulphur a. Sulphide in &!u(ion» o/Calcium or Sodium Sulphydmlei and 
Bulphidet.^10 cc. are diluted to 250, and of this liquid a convenient portion 
is taken out, strongly diluted with air-free water, acidulated with acetie , 
acid and titrated with iodine, as in test 1. If thioaulphates are present, 1 
they are estimated as in 5, and deducted. If polysulphides are present, the I 
sulphur which would be precipitated by an acid is not estimated by this ] 
method, but only that which would be liberated as H,S by an acid. j 

5. Soda, Lime, and Thiotulphate in Sulphur Ltyuors. — In one sample of the J 
liquor, say 5 cc,, estimatfl the total alkalinity, i.e. NajO+CaO, fay standard I 
hydrochloric acid and methyl-orange. Take another sample, say &0 o.c 
pass pore COj in till lead paper shows the absence of all sulphides, boil t 
decompose calcium bicarbonate, dilute with water to BOO o.c, allow th 
precipitato to settle, take 50 CO. of the cletLr liquoi and titrate tUfain, th 
alkalinity this time being due to Na,0 only. CaO ia found by the differeno 
from the flrst titration. 



I 
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Another sample of the carbonated liqnor is titrated with decinormal 
iodine for thiosulphate. Each c.c. of iodine solution indicates O0064 S as 
thiosulphate. 

6. lAme-kUn Oases, — COj is estimated by an Orsat's apparatus, or a 
Honigmann^s burette, or any other similar apparatus. When using an 
Qrsat^s apparatus, the test for oxygen can be made as on p. 86. 

7. (?o« from Gas-holder, 

(a) Hydrogen Sulphide + Carton Dioxide are estimated by an Orsat's 
apparatus or a Honigmann^s burette, etc. 

(h) Hydrogen Sulphide Only, — A wide-mouthed bottle of known capacity, 
holaing about 500 c.c, is fitted with an indiarubber cork and two tubes, one 
nearly reaching to the bottom, the other ending just below the cork, both 
of them with stopcocks outside. Gas is passed through for some time, till 
it has entirely displaced the air in the bottle. Then 20 or 25 c.c. of standard 
potash solution is run in from a pipette, through one of the stopcocks, the 
bottle is well shaken, until the whole of the HjS and CO2 are absorbed, the 
contents of the bottle are poured into a measuring flask, the bottle is rinsed 
out completely, and the total liquid made up to the mark. 

An aliquot portion is taken out, strongly diluted with previously boiled 
water, acidified with acetic acid, and the H2S estimated by iodine. In this 
case a solution of iodine is employed containing 11*43 grms. I per litre, each 
C.C. of which indicates 1 c.c. of gaseous HjS at 0° C, and 760 mm. pressure. 
For somewhat exact estimations, the temperature, pressure and vapour 
tension have to be taken into account ; but it is unnecessary to observe the 
thermometer and barometer, and to make any complicated calculations, if a 
Lunge's gas- volumeter be present (p. 113). 1r this case the level-tube, C, of 
that instrument is placed so that the mercury stands at the same height in 
G as in the reduction tube B ; the height of mercury in the latter is read 
off, which gives the volume occupied by 100 c.c. of dry air of O** and 760 mm. 
under the atmospheric conditions of the moment j by this figure the number 
of C.C. of iodine solution, multiplied by 100, is divided, and thus the correc- 
tion of the normal volume is effected. 

8. Exit Oases from the Claus Kilns, — These contain SO2 and HjS. Both 
these gases, on being passed through iodine solution, produce 2HI for each 
atom of S ; but whilst HjS does not any further increase the acidity of the 
liquid, SO2 produces its equivalent of H2SO4. Hence SO2 and H^S are 
measured together by the amount of iodine converted into HI, and SO2 by 
the acidity present after the HI has been saturated with caustic soda. 
Since the current of gases carries away some iodine from the decinormal 
solution, the gases must be passed through caustic soda, or, even better, 
through sodium thiosulphate, to intercept this iodine. The manipulation 
is hence as follows : Aspirate one or more litres of the gases through 50 c.c. 
of decinormal iodine solution, contained in a bulb apparatus (fig. 6, p. 99), 
or other efficient absorbing tubes, followed by another apparatus containing 
50 cc. of decinormal thiosulphate soda solution. Empty the contents of 
both apparatus into a beaker. Now titrate with decinormal iodine and 
starch solution, till a blue colour appears. The number of cc. of iodine 
solution used, if multiplied by 0*0016 grms., indicates the total sulphur 
present as SO2 and H2S. Now add a drop of thiosulphate to discharge the 
blue colour, then a drop of methyl-orange, and decinormal caustic soda from 
a burette, till the liquid has lost all pinkish shade. The number of cc of 
caustic soda used, less those of iodine used in the preceding test, multiplied 
by 0*0016, indicates the sulphur present as SO9. 
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-NITRIC ACID MANUFACTURE, 

A.— NITRATE OF SODA. 



L Moittare, — Heat 10 grms. catitioURly to tlie fusing point, and alloir to- 
cool in a. desiooator. 

2. Inaol-uble. — Dissolve 10 gtma. in water, filter, wash, and ignile^ If 
there is a verj' appreciable quactitj of organic substance present, first dry 
at 100° C. and weigh the filter with the precipitate before igniting it. The 
solution is used for the teata Nos. 4 to 6. 

8. Sodiam NUrale. — From a very well miied, finely-ground sample weigh 
in a narrow weighing tube about 0-35 grnaa. (which, is facilitated by filling 
it to a mark*), cork the tabe, and weigh. Pour the contents into the 
" nitrometer for saltpetre " containing 110 c.o. (described in the Jotirttal q/" 
the Society of Chemiaal Itidttstry, 1382. p. 15), taking care that the substanofl 
gets us much as poBsible upon the bottom of the top cup. The three-way 
cook must have been made to commnnicate neither above, nor below, nor 
sideways. Hun in about 0'5 o.c water, wait a minute till the nitre is 
nearly or quite dissolved, aspirate the solution into the measuring tube by 
cantiouBly opening the tap, the level tube being lowered, wash the cup with 
at most 0-h cc. water, and run in 15 o.c. concentrated pure eulphurio acid. 
Start the reaction as with the ordinary nitrometer (p. 112), and finish it by 



IS shaking. The level tabe should be roughly put into position, 
) avoid any strong diflterences of pressure, and consequently poaail 
leaking of the tap, and wait at least half an hour for cooling. TSov adjust 



the level definitively, by allowing one division of mercury in the level tube 
for each 6i di visions of aoid in thi maasuriiig tuba. Head off the yolnme o( 
gaa, but convince yourself whether it is actually under atmospheric pres- 
sure by pouring a little sulphuric acid into the cup and cautiously running 
it into the tube, as described on p. 112. Ascertain the temperature and tha 
state of the barometer, and reduce the volume of gaa by the tables 20 and 91 
or 2Ib to 0° and 760 mm. pressure. Thus a«.o.KO are obtained. Each cubic 
oentimetre of HO is equal to 0-0038(e grms. NaNOs (table, p. 112). The 
total divided by the weight employed equal a, and multiplied by 100 indir 
Gates the percentage, which is hence equal to 



(N.B. — The nitrometer should be tested whether it really contains exactly 
100 e.B. to the mark 100, by inverting it, filling m mercury to the mark 100^ 
running it off, and weighing. It Bhonld weigh 1,860 grms. reduced tn W, or 
1,356 grms. at 16° C. If there is a difference, this must be allowed tor in 
each reading.) 

For the analysis of nitrate of soda, Lunge's gasvolumeter (described on 
p. 113) is even more to be preferred to the old nitrometer than for the analy- 
sis of nitrous vitriol. The decomposition of the nitre and evolution of NQ 
are carried out in the vessel D, and the gas ia then transferred for measur- 
ing into the tube A. In this case the gas-measuring tube A should hold 
130 or 140 C.C., or, if a 50 cc. tube is employed, only 0-15 grm. of eodium 
nitrate is employed for each teat. 
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4. Sodium Sulphate is estimated in the solution No. 2 by precipitation 
with BaCl} and weighing the BaSO^. (Befer to p. 94.) 

5. Sodium Chloride is titrated with silver nitrate. (Befer to p. 117.) 

6. Iodine is proved by reducing the iodic acid with zinc, heating the 
•solution with concentrated sulphuric acid, which liberates the iodine, 
diluting and agitating with carbon disulphide, which takes up the iodine, 
and is thereby coloured pink. The faintest traces of iodate are found by 
dissolving 5 grms. in 100 c.c. of boiled water, adding a little nitric acid, a 
few drops of a solution of potassium iodide in boiled water, and a drop 
of starch solution. In the presence of as little as 0*01 mgrm. I in 1 grm. of 
nitre, a blue colour will appear. A check test must, however, be made with 
the potassium iodide employed for this test, as this often contains some 
iodate. 

B.— NITRE-CAKE. 

1. Free Acid is titrated with standard alkali (p. 117). When larger 
quantities of ferric oxide or alumina are present, no indicator is employed, 
but normal alkali is added till the first flakes of a precipitate indicate the 
end of the reaction. 

2. Nitric Acid should be estimated in the gasvolumeter, or in the nitro- 
meter for acids (p. Ill), its quantitjr being too small for the other nitrometer 
(p. 148), but th6 method employed is exactly the same as described in the 
last-mentioned place, viz., dissolving in the top cup in very little water, and 
decomposing with a great excess of sulphuric acid. 

3. Ferric Oxide and Alumina (as pp. 117 and 118). 
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C.-NITRIC ACID. 



SPECIFIC GEAVITY OF NITBIC ACID AT IS*' C, COMPAEED 

WITH WATEB OF 4'' C. (IN VACUO). 

(LxiDge & Bey.) 





Percentage by weight. 


Graminefl per litre. 


Twad- 






dell. 












N.O. 


HNO, 


N.O. 


HNO, 





0-08 


0-10 


1 


1 


1 


0-85 


1-00 


8 


10 


2 


1-62 


1-90 


16 


19 


3 


2-39 


2-80 


24 


28 


4 


317 


3-70 


33 


38 


5 


3-94 


4-60 


40 


47 


6 


4-71 


5-50 


49 


57 


7 


5-47 


6-38 


57 


66 


8 


6-22 


7-26 


64 


75 


9 


6-97 


813 


73 


85 


10 


7-71 


8-99 


81 


94 


11 


8-43 


9-84 


89 


104 


12 


9-15 


10-68 


97 


118 


13 


9-87 


11-51 


105 


128 


14 


10-57 


12-33 


113 


132 


15 


11-27 


1315 


121 


141 


16 


11-96 


13-95 


129 


151 


17 


12-64 


14-74 


137 


160 


18 


13-31 


15-33 


145 


169 


19 


13-99 


16-32 


153 


179 


20 


14-67 


17-11 


161 


188 


21 


15-34 


17-89 


170 


198 


22 


16-00 


18-67 


177 


207 


23 


16-67 


19-45 


186 


217 


24 


17-34 


20-23 


195 


227 


25 


18-00 


21-00 


202 


236 


26 


18-66 


21-77 


211 


246 


27 


19-32 


22-54 


219 


256 


28 


19-98 


23-31 


228 


266 


29 


20-64 


2408 


237 


276 


30 


21-29 


24-84 


245 


286 


31 


21-94 


25-60 


254 


296 


32 


22-60 


26-36 


262 


806 


33 


23-25 


27-12 


271 


316 


34 


23-90 


27-88 


279 


326 



SPECIFIC GEAVmr OF NITEIC ACID AT 15* C, COMPABED 
WITH WATEE OF 4* a (IN VACUO).— 0>irti™«i. 





PBrcentBgoUy weight. 


Grammes panitra. 








deU, 


NtO. 


HNO. 


N.O. 


HSO, 


85 


2-l'54 


28-68 


288 


836 




25'18 


29-38 


297 


347 


37 


26'83 


80-18 


306 


357 


3S 


26-47 


80-88 


815 


367 


39 


27-10 


81-62 


834 


878 


40 


27-74 


8-2-36 


833 


383 


41 


28-36 


33-09 


842 


399 


42 






851 


409 


43 


20-61 


84-55 


860 


420 


U 


30-24 


85-28 




430 


45 


30-88 


8609 


378 


441 


46 


81-58 


86-78 


887 


452 


47 


82-17 


87-53 


807 


463 


48 


32-82 


88-29 


407 


475 


49 


83-47 


89-05 


417 


483 


50 


84-18 


89-82 


■127 


498 


51 


84-78 


40-58 


437 


509 


52 


35-44 


41-34 


447 


621 


53 


8609 


42-10 


467 


533 


5i 


80-75 


42-87 


467 


544 


55 


87-41 


43-64 


477 


556 


56 


88-07 


44-41 


487 


563 


57 


88-78 


45-18 


498 


581 


58 




45-95 


608 


593 


59 


40-05 


46-72 


519 


605 


GO 


40-71 


47-49 


529 


617 


ai 


41-87 


48-26 


540 


630 


62 


42-06 


49-07 


551 


613 


63 


42-76 


49-89 


5C2 


656 


61 


48-47 


50-71 


573 


669 


65 


44-17 


61-68 


585 


683 


66 


44-89 


62-87 


597 


697 


67 


45-63 


fiS-23 


609 


710 




48-35 


64-07 


621 


7-25 


69 


47-08 


54-93 




739 
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SPECIFIC GRAVITY OF NITEIC ACID AT 15' C, COMPAEED 
WITH WATEB OP 4» C. (IN YACVO).— Continued. 

(Lange & Bey.) 





Percentage by weight. 


Grammes per litre. 


Twad- 






deU. 












N.O. 


HNO, 


N.O. 


HNO, 


70 


47-82 


55-79 


645 


753 


71 


48-57 


56-66 


658 


768 


72 


49-35 


57-57 


671 


783 


73 


50-13 


58-48 


684 


798 


74 


50-91 


59-39 


698 


814 


75 


51-69 


60-30 


711 


829 


76 


52-52 


61-27 


725 


846 


77 


53^5 


62-24 


739 


862 


78 


54-20 


63-23 


753 


879 


79 


55-07 


64-25 


768 


896 


80 


55-97 


65-80 


783 


914 


81 


56-92 


66-40 


800 


933 


82 


57-86 


67-50 


816 


952 


83 


58-83 


68-63 


832 


971 


84 


59-88 


69-80 


849 


991 


85 


60-84 


70-98 


867 


1011 


86 


61-86 


72-17 


885 


1032 


87 


62-91 


73-39 


903 


1053 


88 


64-01 


74-68 


921 


1075 


89 


65-18 


75-98 


941 


1098 


90 


66-24 


77-28 


961 


1121 


91 


67-38 


78-60 


981 


1144 


92 


68-56 


79-98 


1001 


1168 


93 


69-79 


81-42 


1023 


1193 


94 


71-06 


82-90 


1045 


1219 


95 


72-39 


84-45 


1068 


1246 


96 


73-76 


86-05 


1092 


1274 


97 


75-18 


87-70 


1116 


1302 


98 


76-80 


89-60 


1144 


1835 


99 


78-52 


91-60 


1174 


1869 


100 


80-65 


94-09 


1210 


1411 


101 


82-63 


96-39 


1244 


1451 


102 


84-09 


98-10 


1270 


1481 


103 


84-92 


99-07 


1287 


1501 


104 


85-44 


99-67 


1299 


1515 
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2.-INFLUENCE OF TEMPEEATUEE ON THE SPECIFIC 

GEAVITY OF NITEIC ACID. 



O'O. 



<; 



1*424 
1-418 
1-402 
1-891 
1-880 

1-869 
1-859 
1-848 
1-838 
1-827 

1-317 
1-807 
1-297 
1-287 
1-277 

1-266 
1-256 
1*245 
1-285 
1-224 

1-218 
1-202 
1-192 
1-182 
1-172 

1-161 
1-151 
1-189 
1-129 
1118 

1-108 
.1-098 
1-068 
1077 
1-067 

1-057 
1-047 
1*087 
1-027 
1-017 



«r 



i(f 



1-414 
1*404 
1-894 
1*888 
1-873 

1-862 
1*352 
1-342 
1*882 
1-821 

1*811 
1-301 
1*291 
1-281 
1-271 

1-260 
1-250 
1-240 
1-230 
1-219 

1-208 
1-198 
1-188 
1*178 
1*168 

1-158 
1147 
1-186 
1-126 
1-115 

1-190 
1*095 
1*085 
1-075 
1064 

1-054 
1-044 
1084 
1024 
1-014 



I 



407 
897 
387 
377 
867 

356 
346 
336 
326 
316 

306 
296 
286 
276 
266 

255 
245 
235 
225 
214 

204 
194 
184 
174 
164 

154 
144 
133 
123 
112 

102 
092 
082 
072 
062 

052 
042 
082 
022 
012 



16' 



1 
1 
1 
1 



400 
390 
380 
370 
360 

850 
340 
330 
320 
310 

300 

290 

280. 

270 

260 

250 
240 
230 
220 
210 

200 
190 
180 
170 
160 

150 
140 
130 
120 
110 

100 
090 
080 
070 
060 

050 
040 
030 
020 
010 



20' 



26" 



1*392 
1*382 
1*372 
1*368 
1*853 

1*348 
1*833 
1-324 
1*814 
1*304 

1*294 
1-284 
1*274 
1*265 
1*255 

1-245 
1-235 
1*225 
1*215 
1*205 

1-195 
1*185 
1-177 
1-166 
1-156 

1-146 
1136 
1*126 
1-116 
1107 

1*097 
1*087 
1-077 
1067 
1057 

1-047 
1*037 
1027 
1*017 
1007 



1-385 
1*875 
1*865 
1-356 
1*346 

1-337 
1*327 
1-318 
1*308 
1*299 

1*289 
1*279 
1*269 
1*259 
1*249 

1-240 
1-230 
1-220 
1-210 
1*200 

1-190 
1181 
1*171 
1*162 
1-152 

1142 
1*132 
1-128 
1-118 
1-104 

1-094 
1-064 
1-074 
1-064 
1-055 

1-046 
1-085 
1025 
1-015 
1005 



W 



1-378 
1*367 
1*357 
1*349 
1*840 

1*330 
1*320 
1*311 
1-302 
1*293 

1*288 
1*273 
1*263 
1*254 
1*244 

1*235 
1*225 
1*215 
1-205 
1-196 

1-186 
1-177 
1-167 
1*158 
1*148 

1*139 
1129 
1-119 
1*110 
1-101 

1-091 
1-081 
1*071 
1*061 
1*052 

1-043 
1-038 
1-028 
1-018 
1-008 



36» 



1-371 
1-361 
1*351 
1*342 
1*838 

1*323 
1-314 
1-305 
1*296 
1-287 

1*278 
1-268 
1*258 
1*248 
1*288 

1*229 
1*220 
1-210 
1*200 
1*191 

1-181 
1*172 
1*163 
1*154 
1*144 

1*135 
1*125 
1*116 
1*106 
1097 

1-088 
1*078 
1*068 
1*058 
1-050 

1-040 
1-030 
1-020 
1-010 
1-000 



40- 



368 
354 
844 
335 
326 

317 
308 
299 
290 
281 

278 
263 
253 
243 
238 

224 
215 
206 
196 
187 

177 
168 
158 
149 
140 

130 
121 
112 
103 
094 

085 
075 
065 
056 
048 

038 
028 
018 
008 
998 



46" 



356 
347 
339 
330 
820 

812 
303 
294 
285 
276 

268 
258 
248 
238 
228 

219 
210 
201 
191 
182 

172 
163 
154 
145 
136 

127 
118 
109 
100 
091 

082 
078 
068 
054 
045 

085 
025 
015 
005 
995 



wr 



349 
340 
332 
323 
814 

305 
297 
288 
280 
271 

263 
253 
'243 
234 
224 

215 
205 
196 
186 
177 

167 
158 
150 
141 
182 

-128 
114 
•105 
•096 
•087 

-079 
•070 
•060 
-051 
-048 

•083 
•023 
•013 
-003 
-093 



2.— IKFLUENCE OF TEMPEitATUEE ON THE SPECIFIC GEAYITI, 
OF NITRIC ACID.— ConfinHtJ. 



isse 

1'320 
l'3ia 



1-373 
1-256 



1-278 



1-234 
1-215 

I-2U6 



1-239 
1-219 
1-210 
1-200 



1-214 
1-206 
1195 



1-161 
1'148 
1-137 



1-073 
lOO'l 
1-055 

1-(H6 
1'038 



1-078 

1-oro 

1-Ofll 

losa 

1-OU 
l-OM 



1-091 
1-0S3 
1-076 

l-0fl7 
1-053 
I -050 
1-043 
1'034 

t-031 



1100 
1093 
1'0»1 
1076 
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8. Chlorine, — Saturate with sodium carbonate, free from chloride, till the 
reaction is neutral or faintly alkaline, and titrate with silver nitrate (accord- 
ing to page 117). 

4. Sulphuric Acid, — Saturate almost completely with sodium carhonate and 
precipitate with barium chloride (as on page 94), If the acid on evapo- 
rating leaves any appreciable fixed residue, ^lis usually consists of sodium 
sulphate. 

5. Nitrous Acid or Nitrogen Tetroxide are estimated by running the acid 
from a burette into a measured volume of warm dilute potassium perman- 
ganate (according to page 110).^ If any of these lower oxides of nitrogen are 
present, the alkalimetrical estimation of nitric acid cannot be performed 
with methyl-orange, but some other indicator must be used. 

6. Fixed Residue^ consisting chiefly of sodium sulphate, with a little ferric 
oxide, etc., is estimated by evaporatmg to dryness in a place protected from 
dust, igniting and weighing. 

7. Iron, — ^Precipitate with excess of ammonia, filter, weigh, and ignite the 
FejOs. 

8. Iodine is proved by a short digestion with pure zinc, which reduces 
iodic acid and generate some nitrous acid ; the latter sets the iodine of the 
HJ fr€«, and this can now be recognised by shaking up with carbon di- 
sulphide, which thereby assumes a pink colour. 

N.B. —Tests I^os. 7 and 8 are only made with nitric acid sold as chemically 
pure. 

D.— MIXTUEES OF SULPHURIC AND NITRIC ACID. 

Such mixtures are now sold for the manufacture of explosives, of colour- 
ing matters, etc. They are tested as follows : — 

1. Sulphuric ^cic?. —Weigh off 2 or 8 grms. in a glass-cock pipette (fig. 9, 
p. 116). Bun into a small porcelain dish, heat ^ or 1 hour on the water bath, 
adding at last a few drops of water (^to destroy any nitrososulphuric acid), 
tmtil no smell of nitric acid is perceptible even on agitation. The expulsion 
of nitric acid is promoted by now and then cautiously blowing upon the liquid 
and agitating the capsule. Wash its contents into a beaker, and titrate with 
normal or semi-normal caustic-soda and methyl-orange. The titre indi- 
cates nothing but sulphuric acid. 

2. Nitric Acid. — Weigh 2 or 3 g^ms. as before, run cautiously into some 
water, and titrate with litmus. The result, less the sulphuric and nitrous 
acid, indicates NO3H. 

8. Nitrous Acid is tested as on page 110. 

4. As a check, nitric and nitrous ctdd are estimated together by the nitro- 
meter. 

a— POTASH MANUFACTURE. 
A.— POTASSIUM CHLORIDE. 

1. JlfoMfwrc.— Heat 10 grms. for some time to 150** C. and allow to cool in a 
desiccator. 

2. Potassium* {a) In the absence of Potassium Sulphate dissolve 10 grms. of 
the well-mixed sample in a half -litre fiask, fill up to the mark and filter. 

* Tests Nos. 2 and 3 are essentially as described by West and Zuckschwerdt, in Zeitschr. 
fur Anal J t. Chem., 1881, pages 185 and 357, and approved of by Professor Fresenins, and 
are reoogn^iBed as binding for bayers and sellers at Stassfurt. 




< 
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Put 2O0.C of the filtrate (equal to Ol gmiB.) into a porcelain dish and add 
7 c.c. of a platinom oblorida solution, contoiiiiDg 10 ^m. Ft. in 100 cm. 
Evaporate on a water bath to a Bymp, frequently agitating, so that moat 
of the free HCl ia driven off and the mass appears dry on cooling. When 
cooL pour II) c.c of 95 per cent, spirita of wine over it, triturate well and 
ponr off the liquid through a filter, previouBly dried for an hour at IIB'O. 
and weighed, pour on some more Bpirits of wine (rather les3 than before), 
triturate again, pour off the liquid and repeat this once more ; now the 
alcohol should remain colourless and shomd not give any reaction for 
chlorine, otherwise the washing would have to be repeated. The double 
chloride of potassium and platmnm, which is now pure, is washed oa to the 
filter by means of a wash bottle containing alcohol. The filter is dried half 
an hour at 110-115° and weighed. The total quantity of alcohol employed 
should be about 60 c.c Each part of E»Pt01a « equal to O-30521 KCL 

(b) In the praence of PaUaawiia iSufpAoef.— Small quantities of this need 
not be noticed, but in mixtures containing much of this salt it mast "be 
converted into KCl by means of bariuni cllIori.de. Dissolve 10 grms. ia a 
half-litre flask in about 350 c.c or dOOc.c. water and about 25 c.c hydrochlorio 
add of 25° Twaddell, heat to boiling and add sufficient harium chloride to • 
precipitate all the sulphate. The BaCl) solution employed should be almoel.fl 
saturated, and a litre of it should contain 60 c.c. aqueous hydrochloric acic[> ■ 
With a little practice it ia easy to fix the point when nearly all the ^ 
potassium sulphate ia decomposed; a very slight quantity remaining has ' 
no influence on the rpsult, but any escesa of Bad, would cause an error. 
If this way of proceeding should seera too uncertain, the sulphuric acid must 
be estimated m the usual way, and the calculated quantity of barium 
chloride added. Now fill the flask to the mark, shake up and allow to settle. 
An error is caused by the volume occupied by the barium sulphate, tut the 
latter carries down a certain, quantity of potassium chloride more than 
compenBating that error, so that the result may be corrected accordingly 
(see below). The remainder of the analysis ia carried out as in test No. 2ii ; 
special care must be taken to drive off all free HCl in evaporating, which is 
not quite easy when magnesia is present. The weight of K,PtCl, found is 
corrected by oaloulating from the percentage of sulphate present, the OA 
of BaSO,, VIZ. : Ig. K3SO,=l-837g=0-B c.c. BaSO, ; we call this quantity (o>. 
In reality we have not had 500 ccm. of solution, hut 500-a. But expenenoe 
shows that a o.c of BaSO, carry down as much KCl, as was contained la 
2o C.C solution ; hence the result ia too low, and must be multiplied by 
500-O 
500-3a 
in order to ind icatB the real percentage. For instance, it the salt contain* 
70 per cent. K,SO„ lOg. of it will furnish 7x0-8=21 cj;. BaSO« henoe 
o=2-l; consequently the weight of K,PtClo found has to be multiplied 

500-2-1 
aXM-2' 
If NajSO, occurs in any salt, it ia, of course, equally necessary to calculate 
the BaSOj corresponding to it. 

8. SodtBni Chloride (of which sometimeB a maximum percentage is stipu- 
lated) is estimated by a full analysis. Estimate KCl as above, then Ca 
(p. 117), Ms (p. 118), SOa (p. 94), insoluble matter and moisture. Calcn- 
late SOj EB CaSOi, or, if there is not sufficient Ca present, partly aa 3l^S0, 



''=1,0M8. 
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and KjSOv If the SOg does not suffice for saturating all the Mg, calculate 
the excess of Mg as MgCl^ ; the excess of 01 over that required to form KGl 
and MgClj is calculated as NaOl. 

4. Magnesium (as chloride or sulphate), if a guarantee has been given for 
a maximum not to be exceeded, is estimated as on p. 118, after precipitating; 
the lime. It is generally calculated as MgClj. 

B.— POTASSIUM SULPHATE. 
Estimate: 

1. KCl according to p. 117. 

2. Free SO4H9 according p. 117i 
8. Pe according to p. 114. 

4. Insoluble, CaO, etc., just as in the case of sodium sulphate. 

If a complete estimation of potassium is needed, employ the process 
described sub A (6). 

C— LIMESTONE (Eefer to p. 124). 
D.— MIXING-COAL (Refer to p. 128). 
E.— BLACK-ASH (Refer to p. 128). 
P.— TANK-WASTE (Refer to p. 130). 
G.— TANK-LIQUOR (Refer to p. 131). 
H.— CARBONATED LIQUOR (Refer to p. 182). 
I.— COMMERCIAL CARBONATE OF POTASH. 

1. Available Alkali is titrated with normal hydrochloric acid, as on p. 138. 

2. Total Potassium is estimated according to p. 156, A (6), so that all sul- 
phate is converted into chloride. Of course, from the first more hydrochloric 
must be employed in order to decompose the carbonate. 

3. Chloride is estimated by silver solution, p. 117. 

4. Sulphate is estimated as BaS04, p. 94. 

5. Insoluble^ as on p. 138. 

6. Silicate, Saturate the salt with hydrochloric acid, evaporate to dry- 
ness, moisten with HCl, evaporate again, dissolve in dilute HCl, filter, wash 
and strongly ignite the SiOj. This test is only exceptionally made, and the 
potassium silicate is calculated together with the carbonate. 

7. Phosphate is estimated by the magnesia process, and is treated like 
the silicate. 

8. Calculation of the Analyses, — Calculate : 

(a) Kg CO3 from the difference between the total potassium and that 
corresponding to the CI and SOs found. 

(6) NagCOs from the difference between, the total available alkali and 
the KgCOs just calculated. 

(c) KCl and 

(d) K2SO4 as above, 
(c) "Water and 

(f) Insoluble, if necessary also iron, by a special test. 
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^M 




a^SPECIFIC 


GRAVITIES OP 


SOLUTIONS OF POTASSIUM V 






CAEBONATE AT 60 


F. = 15^ C. (Gerlacl.). 




e- 


Peroenl- 


K.co; 


IbB. per 
K,CO. ■ 


1 




Kiloer. 


Iba. per 


1 


■54 


5-4 


0-34 


33 


19-74 


234-9 


14-66 




2 


1'08 


10-9 


0-63 


39 


20-22 


241-7 


15-07 




B 


1-62 


lG-4 


1-02 


40 


20-70 


248-4 


15-49 




4 


2-16 


22-0 


1-87 


41 


21-17 


255-2 


15-91 




5 


2'70 


27-7 


1-73 


42 


21-65 


262-0 


16-88 


' 


6 


8-24 


83-4 


2-03 


43 


2212 


268-8 


16-76 




7 


3-78 


89-1 


2-48 


44 


22-60 


275-7 


17-19 




8 


4-82 


44-9 


2-80 


45 


28-07 


282-6 


17-63 




9 


4-86 


508 


8-17 


40 


2355 


289-6 


18-05 




10 


5-40 


56-7 


8-58 


47 


24-03 


296-7 


18-50 


I 


11 


5-94 


62-7 


8-90 


48 


24-60 


308-8 


18-M 


( 


12 


6-48 


68-7 


4-^ 


49 


24-97 


310-9 


19-88 




18 


7-02 


74-8 


4-66 


50 


26-45 


818-1 


19-88 




14 


7-56 




5-0-1 


51 


25-89 


825-0 


20-26 




i& 


8-10 


87-1 


5-43 


52 


26-34 


331-9 


20-70 




16 


8-64 


93-3 


5-82 


53 


26-78 


838-8 


2113 




17 


9-18 


996 


6-21 


54 


27-23 


845-8 


21-66 




18 


9'72 


105-9 


6-60 


55 


27-68 


852-8 


2200 




19 


1&26 


108-4 


6-51 


66 


28-12 


359-9 


23-44 




20 


10-80 


118-8 


7-41 


57 


23-57 


367-1 


22-89 




21 


11-31 


125-0 


7-79 


58 


29-02 


374-8 


23-31 




22 


11-82 


181-2 


818 




29-46 


381-5 


23-79 




23 


12-83 


137-6 


867 


60 


29-91 




24-24 




24 


12-84 


143-8 


8-97 


61 


30-34 


395-9 


24-68 




25 


18-35 


150-2 


9-37 


62 


30-77 


403-1 


25-13 




2G 


13-86 


15G-6 


9-76 


68 


31-21 


410-3 


25-53 




27 


14-37 




10-17 


64 


31-64 


417-6 


26-04 




28 


14-88 




10-57 


65 


82-08 


4-25-0 


20-50 




29 


15-39 


176-2 


1099 




32-51 


432-4 


26-96 




80 


16-90 


182-8 


11-40 


67 


82-94 


439-8 


27-42 




81 


16-38 


189-2 


11-80 


68 


88-88 


447-8 


27-89 






10-86 


195-6 


12-20 


69 


83-81 


454-8 








17-iH 


202-0 


12-59 


70 


84-25 


462-4 


28-83 




84 


17-82 


208-5 


13-00 


71 


&1-67 




29-30 




m 


18-30 


215-0 


13-40 


72 


85-10 


477-4 
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9.— SPECIFIC GRAVITIES OF SOLUTIONS OF POTASSIUM 
CAEBONATE AT 60** F. = 15** 0. {GteT]&Gh).— Continued, 
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10.-INFLUENCE OP TEMPEEATUEE ON THE SPECIFIC V 


GEAVITIES OF SOLUTIONS OF POTASSIUM CAEBONATE. ■ 
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10.-INFLUENCE OF TEMPEEATUEE ON THE SPECIFIC 
GEAVITIES OP SOLUTIONS OF POTASSIUM CAEBONATE.— 

Continued, 
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S.-AMMON1A MANUFACTURE. 
A.— GAS LIQUOR. 



This liqQDT generally contains the ammonia principally in the state of | 
carbonate anA sulphide, which can be driven off bymei-e boiling, without 
employing lime or alkali, and which are indicated byalkalimetricnl testing i 
{vdatSe ammonia). Tbere)S,hoffeTer, always a certain quantity of ammonia 
present in the state of salts not senaihly volatilizing by mere boUing, andtmt 
indicated by simple testing with standard acid. These arfi the chloride, 
snlphocyanidp, aalphite, thiosulphate, sulphate, ferrocyanide {fixed am- 
■Bumia). Ho other salts need be mentioned here. 
For technical purposes, it is auFBcient to inake the following testa : — 
1. Volatile ^Bimonia.— DUute IW ccm. ot BBs-liquor with 100 c.c. watei 
add SO ccm. of normal hydrochloric acid, and boil tiU all CO, and H^ i_ 
espelled. Betitrate with semi-normal alkali, emplo3fing the ordinary- 
indicators. If the liquor is too much coloured to perceive the change of the 
iiidicator,diluteit with water or employ litmus paper. This process always 
admits of much preater accuracy than titrating the liquor directly with 
standard acid. Each c.c. of the latter corresponds to <>017g. NHj, ot to 
0-085 parts NHj by weight in 100 vols, of gas liquor ; or to 04216 ounc 
rectified oil of vitriol (at 93 per cent. SOiH.) per gallon of gas-liquor. 
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the connection and run an excess of milk of lime into A through the pinch- 
cock funnel a. Apply heat and keep up a gentle distillation for one or two 
hours, when all NH3 will be driven off and absorbed in B and 0. Unite the 
contents of these vessels and retitrate with semi-normal caustic soda. If a 

C.C. of this are used, 30-^ indicates the c.c. of test acid, corresponding to 

the total ammonia, and calculated as in test No. 1. 

3. Total Sulphur, — Add bromine water to 100 c.c. of liquid till the colour 
and smell of bromine are distinctly perceived, acidulate with pure HCl, boil 
till all bromine has been expelled, filter if necessary, neutralize the solution 
almost but not quite with pure sodium carbonate, and precipitate the SO4H2 
formed with BaUlg proceeding as described p. 94. 

Sometimes it may be desirable to deduct from the total sulphur that 
originally present in the ^as-liquor as sulphate, which is estimated by 
boiling the unoxidized gas-liquor with HCl and proceeding as above. 

4. Sulphocyanide. — Evaporate 50 ccm. of gas-liquor to dryness, heat the 
residue at 100° C. for 3 or 4 hours, digest it with strong alcohol, filter, wash 
on the filter with alcohol, evaporate all the alcoholic solutions to dryness, 
dissolve in water, filter from any residue, add a mixed solution of sul- 
phurous acid and cu^ric sulphate and heat gently, when cuprous sulpho- 
cyanide will be precipitated. Wash the precipitate into a fiask, dissolve it in 
nitric acid, boil for some time, and precipitate the Cu as CuO by NaOH. 
The weight of CuO x 0*96= the equivalent amount of NH4 CNS (Dyson, 
S.C.I., 1^3, p. 231). Or else proceed by titration, employing a solution of 
6-2S75 grms. CaS04, 5H2O per litre, 1 c.c. of which is equivalent to 0*00145 
grm. SCN=0'00190 grm. (NH4) SCN, which is added to a boiling solution, to 
which some sodium bisulphite has been added, till a drop of the mixture, 
brought into contact with a drop of a solution of potassium ferrocyanide 
in 20 parts of water, produces immediatety a brown coloration (Barnes & 
Liddell, S.C.I., 1883, p. 122). 



B.-SULPHATE OF AMMONIA. 

1. Estimation of Ammonia, — The average sample, carefully drawn, is well 
ground up, passed completely through a sieve with 10 holes to the running 
inch, and a smaller sample is taken out of this. Weigh 17 grms. of the 
latter sample in a stoppered tube, dissolve and dilute it to 500 c.c. and 
place 50 c.c. of the solution without filtration into the apparatus fig. 11 
(p. 162). The test is carried out exactly as in A No. 2. Each c.c. of the 

quantity 30-^is=0*017g. NH3 or =1*0 per cent. The analysis of sulphate of 

ammonia is, however, best performed by the bromine method, in which the 
NH3 is converted into elementary nitrogen. This method can be carried 
out in the " Azotometer," or in Lunge's gasvolumeter (p. 113), if the latter 
is provided with a " decomposing flask." The necessary " brominated soda " 
is prepared by dissolving 100 grms. 70 per cent, caustic soda in 250 grms. 
water, and cautiously adding 25 grms. bromine. The reagent must be kept 
in a dark, cool place, but even then does not keep more than a few days. 
The ammonium salt, preferably dissolved in water, is introduced into the 



outeropaceof the decomposing flask F,£g. 12; 25 or 30 c.e. brominaM aoda 
u poured into the inner tube a. The cork b, having been already Attached 
to the Tolometer-tabe by means ot a short elastic tube, is piessed tightly 
down into the flaak S, taking hold of thia only by the mcJi ; the pressure 




/C 



thus produced is relieved by momentarily pulling out the plug of the volu- 
meter-lap g, having previoialy placed tub^ B and C (fig. 7, p. 113) so that 
the mercury is exactly on the same level in both tubes. The mercui^ in 
tube A should reach right up to tap g, or else to some other point read off 
and taken as zero for the subsequent measurement. Now the flask "F is 
tilt«<l so that the contents of a run into the outer space ; the flask is then 
shaken till no more gas is evolved. The mercury levels in A and Care made 
exactly to coincide, after waiting a quarter, or better, half an hour, in order 
to cool down the flask. (Thia may be e!:pedited by placing F, both before 
and after the operation, in a large vessel filled with water of the temperature 
of the room.) When the JevelH have been esactly adjusted, shut tap g, 
raise C, till the mercury in B stands at 100 ex;. ; and ddw raise or lower C 
and B together, till the mercury level in A again exactly coincides with 
those in C and D. Now read off the number of c.c. of gas in A ; each c.c.= 
0001285 gnn. N^O-OOlSei grm. NHj (this includes the necessary correction 
for absorption or incomplete evolution of N). In order to save all calonla- 
tions, dissolve l'o61 grm. sulphate of ammonia in 100 cc. of water, and 
employ 10 cx.=0-1d61 grm. for each test ; in this case each ex. of gas con- 
tained in A=rl per cent. NEj. 
2. Sidphocyanide. — Eafer to A No. 4. 
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C.-TABLES. 

1.— SPECIFIC GEAVITIES OF LIQUOR AMMONIA, AT Ih"" C. 

(Lunge & Wiernik.) 
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0-00048 


0-976 


5-80 


56-6 


0-00024 


0-916 


2303 


210-9 


0-00049 


0-974 


6-30 


61-4 


0-00024 


0-914 


23-68 


216-8 


0-00050 


0-972 


6-80 


66-1 


0-00025 


0-912 


24-33 


221-9 


0-00051 


0-970 


7-31 


70-9 


0-00025 


0-910 


24-99 


227-4 


0-00052 


0-968 


7-82 


75-7 


0-00026 


0-908 


25-65 


232-9 


0-00058 


0-966 


8-33 


80-5 


0-00026 


0-906 


26-31 


238-3 


0-00054 


0-964 


8-84 


85-2 


0-00027 


0-904 


26-98 


243-9 


0-00055 


0-962 


9-35 


89-9 


0-00028 


0-902 


27-65 


249-4 


0-00056 


0-960 


9-91 


95-1 


0-00029 


0-900 


28-33 


255-0 


0-00057 


0-958 


10-47 


100-3 


0-00030 


0-898 


29-01 


260-5 


0-00058 


0-956 


11-03 


105-4 


0-00031 


0-896 


29-69 


266-0 


0-00059 


0-954 


11-60 


110-7 


0-00032 


0-894 


30-37 


271-5 


0-00060 


0-952 


12-17 


115-9 


0-00033 


0-892 


dl'Ob 


277-0 


0-00060 


0-950 


12-74 


121-0 


0-00034 


0-890 


31-75 


282-6 


0-00061 


0-948 


13-31 


126-2 


0-00035 


0-888 


32-50 


288-6 


0-00062 


0-946 


13-88 


131-3 


0-00036 


0-886 


83-25 


294-6 


0-00063 


0-944 


14-46 


136-5 


0-00037 


0-884 


34-10 


301-4 


0-00064 


0-942 


1504 


141-7 


0-00038 


0-882 


34-95 


808-3 


0-00065 
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2.-SPECIFIC GRAVITIES OP SOLUTIONS OF COMMEfiCIAL 
AMMONIUM CARBONATE, AT 15« C. 

(Lunge & Smith.) 



Deg. Twad- 
dell. 


Dog. 
Baum^. 


Spec. Gravty 

at ly. 


Per cent. Com- 
mercial Ammonium 
Carbonate. 


Change of Spec. 
Gravity for ± 1' C. 


1 


0-6 


1-005 


1-66 


0-0002 


2 


1-4 


1-010 


3-18 


0-0002 


8 


21 


1-015 


4-60 


0-0003 


4 


2-7 


1-020 


6-04 


0-0003 


5 


3-4 


1025 


7-49 


0-0003 


6 


4-1 


1-080 


8-93 


0-0004 


7 


4-7 


1-035 


10-35 


0-0004 


8 


5-4 


1-040 


11-86 


0-0004 


9 


60 


1-045 


13-86 


o-(xm 


10 


6-7 


1-050 


14-83 


0-0005 


11 


7-4 


1-055 


16-16 


0-0005 


12 


8-0 


1-060 


17-70 


0-0005 


13 


8-7 


1065 


19-18 


0-0005 


14 


9-4; 


1-070 


20-70 


0-0005 


15 


10-0 


1-075 


22-25 


0-0006 


16 


10-6 


1-080 


28-78 


0-0006 


17 


11-2 


1-0^ 


25-31 


0-0007 


18 


11-9 


1-090 


26-82 


0-0007 


19 


12-4 


1-095 


28-33 


0-0007 


20 


13-0 


1-100 


29-93 


0-0007 


21 


13-6 


1-105 


31-77 


0-0007 


22 


14-2 


1-110 


83-45 


0-0007 


23 


14-9 


1-115 


85-08 


0-0007 


24 


15-4 


1-120 


86-88 


0-0007 


25 


16-0 


1-125 


88-71 


0-0007 


26 


16-5 


1-130 


40-34 


0-0007 


27 
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1-135 


42-20 


0-0007 


28 


17-8 


1-140 


44-29 


0-0007 


29 


17-9 


1-1414 


44-90 


0-0007 
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APPENDIX. 



A.-PREPARATION OF STANDARD SOLUTIONS. 

INTEODUCTOBY. 

The analytical methods given in the foregoing pages are based upon the 
metric system of weights and measures. As there are still some laboratories 
using the English system, the following remarks, intended to facilitate the 
change of the prescriptions from the metric to the English system, may 
prove useful. 

The unit of weight of the English system is the grain. All normal solu- 
tions are prepared so that 1000 ^ains by volume (100 decems) contain one 
equivalent of the rea^nt in grains, and conseq^uently all normal solutions 
prepared on the English system are identical m concentration with those 
prepared on the metric system. 

English burettes usually hold 1000 grains, and are divided into 100 parts 
of 10 grains each, called one decem. The decem corresponds to the cub. 
centimetre. As however this unit, the decem, is ten times the unit of 
weight, the following rules must be observed when any of the prescriptions 
are to be changed from the metric to the English system : — 

Instead of Litre read 10,000 grains. 

„ Cub. centimetre read decem or 10 times the number of grains. 

„ Grains read 10 times the number of grains. 

If, for instance^ we are told to prepare a standard solution of perman- 
ganate by dissolving 15*820 grams of potassium permanganate in one litre 
of water, and that one cub. centimetre of such a solution indicates 0*028 
grains of iron, we shall obtain a solution of equal strength by dissolving 
158*20 grains in 10,000 grains of water, and one decem of this solution wiU 
indicate 0*28 grains of metallic iron. No errors can possibly occur if the 
reader will always substitute ten times as many grains for any number of 
grams, ten times as many grains, or an equal number of decems for any 
number of cubic centimetres, and 10,000 grains for every litre. Where we 
are directed to measure out b^ means of a pipette 50 cc., we take 500 grains 
instead, ete., but when speaking of the number of cubic centimetres on the 
burette we substitute exactly the same number of decems. 

It will also be useful to remember that 

grams per litre = grains per 1000 grains. 

„ „ = ounces per 1000 ounces. 

„ „ = ounces per cub. foot (approximately), 

grams per litre : 16 = lbs. per cub. foot, 

grains per litre x 70 = grains per 70,000 grains, 

„ „ „ = grains per gallon. 

0*4375 X grams per cub. metre = grains per cubic foot. 



kilograms per cut. metro = lbs. per 1000 lbs. 

„ II IP = Ills per 16 oub, feet. 
kiloeframB per cab. iiietra ,, , ., , 
2 ^ — __ = lbs. per cub. foot. 

16x cub. metres per kilogram. = cub. feet per lbs. 
kilograms per square metre = (>2(ffi lb. per square foot, 
kils. per square metre x-1'8!) = lbs. per square foot. 

1.— NOEMAL ACID AND ALKALI. 

Ab foundation of Alkalimetry and Acidimetry we employ chemieaUy pure 
sodium carbonate. This is tested, for purity by dissolving 5 g. in water, 
which ought to yield a completely clear, colourless solutiou ; if, after super- 
saturating thb solution with nitric acid, no opalescence is caused by barium 
chloride, or silver nitrate, the salt may be taken as sufficiently pure. Before 
using it, the sodium carbonate must be ignited in a platinum crucible at 
least for twenty minutes, so far that the bottom of the crucible becomes red 
hot, but that no fritting takes place ; the crucible is allowed to cool in the 
exsiccator, and out of it several portions of about 1 or 2 g. each are weighed 
directly one after another, to serve for standardizing the normal acid. The 
bfllauoe ought to turn at least with 0-5 milligram. 

As normal acid, we prefer hydrockloria acid, which has the following 
advantages over sulphuric and oxalic acid, viz. ; — let, it is more generally ' 
applicable, e.g. aUo tor alkaline earths; 2nd, its standard, first taken by 
pure sodium carbonate, can be moat accurately checked by silver nitrate, 
far more accurately than that of sulphuric acid by barium chloride ; Srd, 
it does not change in course of time like oxalic acid. 

Normal HCl is prepared as follows : Dilute pure hydrochloric acid to 
1-020 spec, gravity (4° Tw.), Such an acid will be rather too strong. Fill 
a burette with tliia acid, and titrate with it one of the weighed samples 
of sodium carbonate spoken of above, the weight of which is lo grams. 
Suppose that x ccm. of this acid had been consumed. As the acid is sure t« 
be too strong, x will always be smaller than qTJEo, and we shall have to add 
ta every a: oub, cent, of the acid (wku~^- ^^^^ cent, of water, and if the total 
quantity of acid of spec, gravity, 1-020 measures V cub. cent., the amount 
of water to be added thereto to render it correct wUl be n cub. centimetres, 

If accurate normal alkali is at hand, it may be employed by a completely 
analogous process for examining the provisional acid, reducing it to the 
normal strength. 

In any eaae the mised normal acid must be checked by titrating new 
samples of sodium carbonate, when a: ought ^—nli^' ^ further check is 
afforded by estimating the chlorine gravimetrically by silver nitrate; 
10ocm.(=l>B6Bg HOI) ought to yield l-435g AgCl. 

The ordinary indicator in alkalimetry and acidimetry used to be tincture 

of litmus, wMch must be kept in open vessels, to avoid its being spoiled. 

■When employing litmus, the liquid to be tested must be kept boiling for 

tim-, in order to exp:.'l all CO,; and nnrmai acid must be added pa 



where n 
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long as on further boiling the colour changes back from red to purple, or 
blue.^ This prolonged lK>iling causes some alkali to dissolve from most 
descriptions of glass, which makes the testings inaccurate. A test with 
litmus rarely lasts less than half an hour, usually more. On the other 
hand, a test is finished in a few minutes, if litmus is replaced by a very 
dilute solution of methyl -orange (sulphobenzene-azo-dimethylaniline) ; 
but in this caso the liquids must never be hot, but of the ordinary tempera- 
ture, and none but mineral acids, but no oxalic acid may be employed. 
The cold solution of sodium carbonate is coloured just perceptibly yellow 
by adding a drop or two of the solution of methyl-orange, preferably 
by means of a pipette ; if the colour is too intense, it will cause the trans- 
ition into red on neutralization to be less sharp. COg does not in the least 
act upon methyl-orange 3 only when all Nag CO3 has been decomposed, and 
a minimal excess of HCl is present, the jrellow changes suddenly and shariplv 
into pink. Hence the rule is to run in the normal acid quickly with 
constant agitation till the change of colour has taken place. The opposite 
change of colour from pink to faint yellow is just as sharp when titrating 
mineral acids with sodium hydrate or carbonate. The results are identical 
with those obtained by litmus, but they are obtained very much more 
quickly, and without heating the liquids. H9S affects methyl-orange as 
little as COj, whence that indicator can be employed for directly titrating 
tank liquor and the like. In some cases methyl-orange fails to yield good 
results, from causes not yet ascertained, e.g, in chimney testing, but it can 
be employed in nearly all other cases. It is not applicable at all in the 
presence of nitrous acid. 

Some laboratories prepare their standard acid twice as strong as the 
above, which naturally affects all the calculations given in this book. The 
object of this is to show the change of colour more clearly than with normal 
acid, but this is hardly necessary for methyl-orange. 

The normal alkali^ when intended to be used with litmus, should be as 
free as possible from carbonate, and should be constantly protected against 
absorption of COj from the air, because otherwise the change of colour does 
not take place sufficiently rapidly, and markedly in cold liquors. A solution 
of sodium hydrate entirely free from carbonate is difficult to prepare and 
to preserve when in constant use. When employing methyl-orange as an 
indicator, an ordinary caustic soda solution may be employed without any 
special precautions. The caustic soda employed should not contain more 
than a very slight proportion of alumina ; ordinary strong caustic nearly 
always fulfils this condition, or it may even be replaced by a solution of 
53 g. pure sodium carbonate in 1 lit. water, which is employed cold, and 
which yields as accurate results as NaOH, no notice bein^ taken of the Co^ 
escaping with effervescence. The general use of this liquid is, however, 
inconvenient on account of the efflorescences on the burettes, bottle necks, 
etc. Weaker {e,g, fifth-normal, or even semi-normal) solutions do not show 
this drawback. 

All standard liquors ought to be prepared and employed as nearly as 
possible at the same temperature, e,g, 15°C. If a correction be necessary, 
the table of the volumes of water at different temperatures (No. 22, p. 49) is 
sufficiently accurate for all practical purposes^ for these dilute liquids as 
well. When they have stood for some time m bottles, a little water is 
evaporated and recondensed in the upper part of the bottles ; the proper 
mixture must then be re-established by shaking up the contents. 

Semi-normal ammonia serves for estimating the COa of bicarbonates 
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(p, 192) ; bat it can also be employed for general alkalimetrical pur pose s 
in lien of sodium hydrate. Pure liquor ammoniac of commeroe, wmcb does 
not jvoduce any opalescence on adding barium chloride, is diluted to 
speciiic gravity (H^; it is then tested with normal HCl, and diluted so 
far that it agir^s with semi-normal acid^ when it contains 8-500 g. NHj per 
litre. It keeps unchanged for some tune in well-stopx^ered bottles, but 
must be frequently checked by titrating. Deeinormal ammama keeps 
almost constant in tightly stopx^ered bottlfs. 

2.— POTASSIUM PEBMAXGANATE. 

The ordinary solution is s^mi-normal, ix^ it yields 0<XHg. oxygen per 
ccm. It serves, e.g,, for estimating nitrous acid in vitriol, for testing the 
nitrogen acids in the chamber exits, for testing manganese ore, for testing 
Weloon mud, etc. 

Since iron onl^ occurs in very slight quantity in the products of alkali 
mannfacture. it is best estimated by means of a tenth- or twentieth-normal 
solution maae from the semi-normal solution by dilution, and indicating 
0O056, resp. 0O028 g. Pe per ex. 

The solution is made by dissolving pure crystallized potassium perman- 
ganate, and is tlien completely stable, if protected from dust and direct 
sunlight. Still, its titre must be checked in any case ; all the more, as the 
artick sold as ''chemically pure" is usually not free from foreign salts. 
Of absolutely pure permanganate a quantity of 15*820 g. per litre would be 
required for a semi-normal solution. This quantity is dissolved for the 
first time; the check-test to be described now shows how much more salt 
must be added to bring the solution up to the standard, and this indicates 
the propfrr ouantity for future preparations of test liquor from the same 
stocK of solia permanganate. 

The standardizing is effected by means of the finest, softest iron wire, 
so-called "flower wire^"* which is preferable to oxalic acid, since the 
latter is not easily obtained with the tneoretical percenta^ of water, whilst 
the uncertaintv about the composition of the Jineit iron wire does not exceed 
O'l per cent. No sensible fault will be committed for all analytical pur- 
poses if the wire is assumed=99'7 per cent. Fe. Before weighing, it is passed 
through emery paper, to remove any traces of rust. Weigh out 0*0(517 ^. 
wire (=0*5000 g. Fe. ; if the length is noticed^ it is afterwards easy to hit 
the proper quantity almost at once) ; put it into a flask provided with an 
india-rubber valve (Fig. 10, p. 123), dissolve in dilute sulphuric acid by 
heating, allow to cool, and aad permanganate solution from a burette tiU 
a faint but distinct pink colour has been produced, which lasts at least half 
a minute. The above quantity of iron ought to take exactly 20*00 c.c. 
|)ermanganate. If this is not the case, a factor for correcting the difference 
IS emj^loyed, or preferably the test liquor itself is corrected by adding the 
requisite quantity of solid permanganate. Suppose we have not used 20, 

15*82x 
but X ccm. of liquor, then we must in future employ on granis of solid 

permanganate ]x;r litre, in order to produce an exactly semi-normal solution. 
Of course its titre must be checked again. 

An excellent check upon the iron standard is the standardizing of 
potassium permanganate by decomposing it with hydrogen peroxide, and 

* Not the Btcol pianoforte-wire, which contains more and h'regolar qnantitiea of corboo. 
TbQ objections made to its uso by Blodgett Britton do not apply to flower.wire. 
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measuring the oxygen evolved in a gasvolumeter (pp. 113 and 164). Put 
10 C.C. of the permanganate solution into the outer space of flask F (fig. 12) ; 
add 30 C.C. of dilute sulphuric acid (1:5 aq.); put 15 c.c. of hydrogen peroxide 
into the inner tube a ; put the cork 6 in, relieve the pressure, and level the 
mercurv as described p. 164. Then tilt F, shake a minute, allow 10 minutes 
to stand, shake up again, place tubes A and so that the mercury is at the 
same level in both ; shut tap g^ raise C so that the mercury in B stands at 
100 ; and, lastly, raise or lower B and C together, so that the mercury levels 
coincide with that in A. Each c.c. of gas found in A corresponds to 0*000715 
grm. active oxygen in the permanganate employed, or 0*0000715 grm. O in 
each c.c. of the permanganate solution. The results agree very well with 
thos3 of the iron test, and are more accurate than when standardizing with 
oxalic acid. 

Permanganate is best employed in a burette with a lateral hollow glass- 
tap. Any change in its titre (from dust, etc.) is perceptible by a, deposition 
of MnOs in the bottle. It is advisable to check the standard once every 
three months. 

Permanganate can be used with perfect accuracy in the presence of free 
hydrochloric acid, if the liquids contain a considerable quantity of man- 
ganese salts; in other cases the same effect is produced by adding, say 
1 grm. of manganese sulphate free from iron. 

3<-I0DINE SOLUTION. 

Weigh exactly 12*7 g. of pure re-sublimed iodine (either bought as such 
or prepared by grinding up common iodine with 10 per cent, of potassium 
iodide and re-subliming) on a balance turning at least with 5 mg. ; put it 
into a litre-flask already containing a concentrated solution of 15 to 18 g. KE, 
close the flask, agitate till the iodine is completely dissolved, and fill up to 
the mark. This deci-normal solution is checked by the arsenite solution 
(No, 4). Both solutions ought to be precisely equivalent, c.c. per o.c. 

For estimating ver^r slight quantities of sodium sulphide sometimes a 
special iodine solution is made, by dissolving 3*256 g. of pure iodine with 5 g. 
of potassium iodide in a litre, to indicate 0*001 g. NagS per c.c. 

Solutions of iodine, especially the more dilute ones, keep a long time in 
well-stoppered bottles in a cool place, but they ought to be chefiked once a 
month by the arsenite solution. 

Preparation of the Starch Solution. — Grind up 3 g. potato starch with a 
little water to a homogeneous paste : introduce this gradually into 300 g. of 
boiling water, contained in a porcelain dish, and continue the boiling till 
an almost clear liquid has been produced. Allow this to settle in a tall 
beaker, pour the clear portion through a filter, and saturate it with common 
salt. This solution, when kept in a cool place, is stable for some time ; as 
soon as fungus vegetations are noticed in it, it is thrown away. 

Very convenient is the soluble starch made by the process of Zulkowsky, 
by heating 100 parts of concentrated glycerine with 6 parts of starch to 
190" C. for about an houi*, pouring into water and precipitating the soluble 
starch with alcohol and filtering. This is kept in the state of a thick paste, 
not to be allowed to dry, and each time a small quantity is taken out by 
means of a glass rod. 

4.-S0DIUM AESENITE SOLUTION. 

This serves for standardizing the^ iodine solution, and as its volumetrical 
complement, especially in bleaching-powder testing. Employ commerciaj 
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pure pou'dered arsenious acid ; test its purity by aubliaiing a little from a 
small capsule into a watch-glass, when there ought not to appear at first a 
yellow sablimate of AsjS^ (which volatilizes more easily than Asf)^); on 
heating more strongly it should leave uo residne. Before using it the 
powdra' of ASjQa ia kept for some time over sulphuric acid in a desiccator, 
and can then ba weighed out without any special precautions, since it is 
not hygroscopical. For preparing a deoi-nomial solution, weigh ont exactly 
4'950g. AsjOj, boil it with 10 g. of pure sodium bicarbonate and 200s. water 
till completely dUsol-red ; add another 10 g. bicarbounte, and dilute on 
cooling to 1,000 c.c. This solution is altogether stable, and equivalent 
with 0'003ao g. CI or 0-0127 g. 1 per c.c. 

If really pure and dry arsenious acid has been employed, the above 
solution will be correct at once. But when preparing larg«r quantities of 
it, it onght to be checked by grinding up 0'5 g. iodine with D'l g. Kl., 
heating this mixture in a small capsule on a sand-bath or upon asb^tos- 
board till abnndant vapours arise, covering with a dry watch-glass, 
allowing the major portion, but not the whole, of the iodine to sublime into 
the watoh-glasB, covering this with a SL^cond watch-glass which fits air- 
tight upon the former, and has been tared with it, and weighing. Slip 
the wateh-glassGs into a solution of 1 g. of potassium iodi<fe (free from 
iodate), in 10 g, water, wait a little till the iodine is dissolved, dilute with 
100 0.0. water, and titrate with arsenite. When the colour is only a light 
yellow, add a little starch-solntion, and titrate exactly till the blue colour 
has just vanished. The c.c. o£ arsenite consumed, multiplied by 0'0127, 
ought to be exactly the weight of iodine employed, 

5.-SILVEE SOLUTION. 
Weigh out exactly IT'OO g. of pure crystallized silver nitrate, preferably 
kept in a dcsiocator for a few hours, and d issolve in 1 litre. This yields a 
deoi-normal solution, indicating per cc. O-0O355 g. CI., or 0-00365 g. HCI, 
or 0-OCBSt g. NaCl. By dissolving 2-906 g, AgNOj in 1 litif, a solution ia 
obtained, indicating 0-001 g. NaCI. per c.c. 

Amtnimiaeal silver lolation, for Lestelle'a estimation of alkaline sulphides, 
ia obtained by dissolving 13-345 g. of pure silver in pure nitric acid, adding 
KiO c.c. liqnor ammonite and diluting to 1 lit. Each c.c. of this indicates 
0O05 g. Na.8. 

G.-COPPEB SOLUTION, 
for Hurter's ferrocyanide te: 
crystallized, not effloresced, i 
p. 131.) 

r.-OSALIC ACID SOLUTION, 
for testing the " base " of Weldon mud, and caustic soda or lime in the 
presence of carbonate (pp. 123 and 124). Dissolve 63-Og. pure, not effloresced, 
crystallized oxalic acid in 1 lit. water, and check the standard with normal 
alkali. This solution is not quite stable, especially when e^cposed to day- 
light; n '- '- ' — ' '--"-'■ ' •■ ■ 



B.-RULES FOR SAMPLING. 

1. Ores and ifineralt (pyrites, manganese, coals, salt), (n). Smalla, alack, 
mil or dker nihslaneet not requiring to be cruahed.~-Take a sample of about 
1 lb. of each weighing tub, cart, or the like, by means of a scoop, ao as to 
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obtain about the same quantity each time. Of railway tiucks, which are 
tipped directly into the warehouse, take three samples, one from the middle 
and one from each end.* All these single samples are put in a cask and 
kept covered, to prevent the evaporation of moisture. When the large 
sample is taken, empty the contents of the cask on a level, clean, and hi^ 
place, spread it flat, heap it up in a cone at the centre by going regularly 
round with a spade ; spread this heap again flat, and take a sample of about 
a quarter of the mass, by taking out with a spade two stripes crossing each 
other at right angles^ and adding a little from the centre of each remaining 
quadrant. Treat this reduced sample exactly like the larger one, so that a 
third sample of about 5 lbs. is obtained. Mix this again thoroughly, and 
fill it into four (or more) wide-necked bottles of 4 ounces capacity, placed 
in a tight row on a sheet of paper, so that a portion of each hanaful gets 
into every one of the four bottles. When these are full, they are at once 
closed with tight-fitting corks ; these are cut off straight above the bottle- 
necks and well covered with sealing wax, putting on the seals of both buyer 
and seller, or any other party concerned. The mixing and filling must be 
done as quickly as possible, in order to prevent the evaporation, or else the 
attraction of sensible quantities of moisture during the operation. 

The above-mentioned sample bottles are handed over to the laboratory 
chemist, who has to pulverize their contents till they pass camjpletely through 
a sieve with holes 1 mm. (= "/jjin.) wide; nothing coarse must be left be- 
hind. From this, after thorough mixing, a smaller sample is taken and 
reduced to the degree of division necessary for analysis, by grinding in a 
steel or agate mortar, in the case of softer substances in a porcelain mortar. 
Manganese samples should not be treated in iron mortars. Moisture is 
estimated in an unground portion of the sample. 

(6). Ores in pieces requiring to he crushed, — Large-sized samples must be 
taken if the lumps of the ore are very coarse. If the pieces are not above 
the size of an apple, and not too unequal, it is sufficient to take a sample 
from each tub, etc., as in (a), but with a shovel or scoop holding about 10 lbs. 
In the case of larger lumps, and of very unequal sizes, it is preferable to' 
tip each tenth or twentieth tub or cart into a separate place, where the 
whole average sample is collected. At all events, the proportion between 
the large and small must be represented as accurately as possible in the 
average sample. This is now crushed down to the size of a walnut, either 
by hand or by machinery, leaving no larger lumps behind. The crushed 
material is thoroughly mixed by several times turning it over with a 
spade; it is then spread out in a flat heap and a smaller sample is taken, 
b3' lifting out two stripes crossing each other at right angles, adding some- 
thing from the centre of each remaining quadrant. The reduced sample is 
crushed further, either in a large metal mortar, or preferably with a sledge- 
hammer on a flanged cast-iron plate of about 8 ft. square, bedded on a solid 
foundation ; the latter process is much more convenient and cleanly than 
grinding in a mortar. The coarse portions are sifted out by a riddle of J in. 
holes and crushed again, till all has passed through. The product is re- 
duced as in (a), by mixing, etc., to a quantity of 2 or 4 lbs., from which the 
sample-bottles are filled as prescribed above. 



* At somo factor! b very unsati^sfactory rciults have been ubtaiucd wiHi tliis mode of 
pampling ; they prefer that described later on (in h), of takiog a certain number of entire 
tabs, barrowB, or carts as sampler 





2. CHEMICALS. 

fiulkake, soda os/i, etc., if in bulk, are EampleJ us in No. 1 a, 
ill casks, each third, fifth, or tenth cask, acc.oiiiing 
of the parcel, ia bored at one of ita bottoms and i 

means of an OHj/er (fig. 13), which ia inserted up to tl _, 

the cask, tTiming it round its axle all the while. The single oaak 
samplpsareput intoa large wide-mouthed bottle as drawn, till 
the sampling ia over. Then empty the whole on to o, large sheet 
of paper, mix thoroughly, cruah any lumps with a spatula, and 
fill the 4-onnoe Ijottlea, previonsly prepared, exactly as deaorihed 
on No. 1 as for ores, observing the same nilea lor cocking and 
sealing. 

Bleaching powder, paUahes, and any other Bubstancos whicli are 
littblQ to t:.'. quickly spoilt in contact with the air by attract- 
ing moisture, or from other reasons, are treated like the foregoiug 
substances, but operating with the greatest possible spsed, and 
keeping the large bottle for collecting the cask-Bamples well closed. 
The sampling is still more safely performed by taking away the 
npp^T end of the caatt, removing the top layer to a depth of 
about two inches, biking a handful of stuff from the interior 
as far as it is possible to roach in^ which ahonld be nearly at the 
centre of the cask, and throwing it into the large bottlea. In this 
case there is the least contact with air. Or else a sample-auger 
ia employed, wliich ia closed at its upper half, and is only turned 
round when ita point has arrived in the centre of the cisk ; in this 
case the top layer dops not get into the auger, Samplea of 
blcaching-powder ought to be kept in a dark and oold place, and 
ought to be tested without any great delay. 

Caustic Soda. Since the samples attract moisture and carbonic 
'°' ' acid on their surface, even in ■well-closed bottles, the outer opaque 
crust must be removed by scraping before weighing out the tests (compare 
page 145). It should be borne in mind that the centre of the droro is of 
weaker strength than the remainder, becaus? the foreign salts accumulate 
in the portion remaining liquid the longest. The average strength ia best 
represented by the portions ne:it to the bottom and sides of the drum, 
which solidify quickest. 

Si^id aulphiiria anJiydride cannot be sampled directly for analysia. An 
auger cannot be employed, as the mass is too firm and tough ; melting the 
mass in the drums themselves is out of the question, ou account ol the 
clouds of fumes. The following process ia, therefore, employed : A large 
sample of the solid anhydride is mixed with so much uxactlj analysed 
"monohydrated" sulphuric acid that an acid of about 70 per cent, ia 
formed, whidi is liquid at ordinary temperatures. This mixture ia made 
ia a stoppered bottle, and is gently heated to 80' or 40° C, the stopper being 
loosely put iu, til] the solution is complete, whereupon a small sample ■- 
taken out by means of Lunge & Bej'a glass-tap pipette (p. 113J. 
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—COMPARISON OP THE HTDEOMETEB DEGBEES ACCORD- 
INS TO CAUMfi AND TWADDELL, WITH THE SPECIFIC 
GRAVITIES. 



B. 


T. 


ui'^^,;- 


B. 


T. 


G™V7t 


B. 


T. 


G^;",. 








1000 


15-4 


21 


1-120 


29-3 


51 


1-255 


07 


1 


1-005 


16-0 


25 


1-123 


29-7 


52 


1-2G0 


1-0 


1-4 


1-007 


ItrS 


26 


1J30 


30-0 


5-2-6 


1-263 


1'4 


2 


1010 


17-0 


26-8 


1-134 


3U-2 


53 


1-263 


2-0 


2-8 


1-014 


17-1 


27 


1-135 


306 


54 


1-270 


i-1 


3 


I'Olo 


17-7 


28 


1-140 


3!-0 


54-8 


1-274 


■27 


4 


1-020 


180 


28-4 


1-142 


311 


B5 


1-275 


3'0 


4'i 


1-0-22 


18-3 


29 


1-145 


31-5 


56 


1-280 


B'i 


5 


l-0'25 


18-8 


90 


1-1150 


82-0 


57 


1-285 


4-0 


B-8 


1'020 


19-0 


BO-4 


1-152 


82-4 


58 


1-290 


4-1 


G 


1030 


19-3 


31 


1-155 


S-2-8 


59 


1-203 


4-7 


7 


1035 


lfl-8 


82 


lliiO 


83-0 


50-4 


1-297 


5'0 


7-4 


1037 


20-O 


32-4 


1-162 


33-3 


GO 


1-800 


5-4 


8 


1-(M0 


20-3 


83 


l-IOj 


33-7 


61 


1-806 


C-0 


9 


1-045 


20-9 


84 


1170 


340 


6i-6 


1-808 


67 


10 


1-050 


21-0 


34-2 


1171 


31-2 


62 


1-810 


7-0 


10-2 


1-052 


21-4 


85 


1-175 


31-0 


R3 


1-815 


7-4 


11 


i-a-i5 


22-0 


86 


1-180 


3S-0 


64 


1-820 


&0 


12 


lOfiO 


2^2-5 


87 


1183 


35-4 


65 


1825 


8-7 


13 


lOfiS 


280 


88 


M!)0 


35-8 


66 


1-830 


9-0 


18'J 


1-067 


23-6 


30 


I'195 


SCO 


66-4 


1-833 


!)'4 


14 


1-070 


24-0 


40 


1*200 


302 


67 


1-335 


10.0 


16 


1-075 


24-6 


41 


1-205 


36-6 


68 


1-840 


lOG 


16 


1-060 


ffi-0 


42 


1-210 


37-0 


GO 


1-816 


11-y 


16G 


i-ote 


•25-6 


43 


1-215 


87-i 


70 


1-350 


11'2 


17 


1-085 


2(5-0 


44 


1-220 


37-8 


71 


1-855 


11-0 


18 


l-Oi>0 


26-1 


45 


1-225 


38-0 


71-4 


1-357 


1-2-0 


18'2 


1-091 


20-9 


40 


1-230 


38-3 




1-360 


]*4 


IS) 


1-095 


27-0 


4r,-2 


1-231 


38-6 


73 


1-3&5 


ia-0 


■20 


1-100 


27-4 


47 


1--235 


30 


74 


1-370 


13-G 


21 


1-llS 


27-9 


43 


1-210 


an-4 


73 


1-375 


11-0 


21-6 


1-108 


28-0 


18-2 


1-211 


a9-8 




1-380 


U-2 


22 


1-110 


28-4 


i'J 


1-243 


40-0 


76-6 


j-i«3 


H-9 


23 


1-115 




50 


1-250 


40-1 


77 


1-885 


lS-0 


23-2 


1-U6 


200 


50-4 


l-2o3 


40-5 


78 


1-3U0 



N.B.— The Btomi! ilegraei ms nUealalad by tb 
IkW piit = 0' BDi] »Qlphiirio add ot 1-812 at, H 
Aciifiiiid Alkali, vol. i., p. M. This u tbe Binm*' 
MDioJ Enrope/biit oihec Bcales are in use Uie 
Baumii B byaiomutei- tB lucd in Amerln. 



:^6x; comparfl Lanin'fl fiDlpfanrio 
rdrometer, nHHitly need on tbe Conti- 
.9 well, and quite anotber scale for 
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C.-COMPARISON OF THE HYDROMETER DEGREES ACCORD- 
ING TO bauml: and twaddell, with the specific 

QRAYITIES.— Continued, 



B. 


T. 


Spec. 


B. 


T. 


Spec. 


B 


T 


Spec. 


sJ» 


A • 


Gravity. 


J-^% 


X* 


Gravity. 


x». 


x« 


Gravity. 


40-8 


79 


1-395 


50-9 


109 


1-545 


59-5 


140 


1-700 


410 


79-4 


1-397 


51-0 


109-2 


1-546 


59-7 


141 


1-705 


41-2 


80 


1-400 


51-2 


110 


1-550 


60-0 


142 


1-710 


41-6 


81 


1-405 


51-5 


111 


1-555 


60-2 


143 


1-715 


420 


82 


1-410 


51-8 


112 


1-560 


60-4 


144 


1-720 


42-3 


83 


1-415 


52-0 


112-6 


1-563 


60-6 


145 


1-725 


42-7 


84 


1-420 


52-1 


113 


1-565 


60-9 


146 


1-730 


43-0 


84-8 


1-424 


52-4 


114 


1-570 


61-0 


146-4 


1-732 


431 


85 


1-425 


52-7 


115 


1-575 


61-1 


147 


1-735 


43-4 


86 


1-430 


53-0 


116 


1-580 


61-4 


148 


1-740 


43-8 


87 


1-435 


53-3 


117 


1-585 


61-6 


149 


1-745 


440 


87-6 


1-438 


53-6 


118 


1-590 


61-8 


150 


1-750 


44-1 


88 


1-440 


53-9 


119 


1-595 


62-0 


150-6 


1-753 


44-4 


89 


1-445 


54-0 


119-4 


1-597 


6-2-1 


151 


1-755 


44-8 


90 


1-450 


54-1 


120 


1-600 


62-3 


152 


1-760 


45-0 


90-6 


1-453 


54-4 


121 


1-605 


62-5 


153 


1-765 


451 


91 


1-455 


54-7 


122 


1-610 


62-8 


154 


1-770 


45*4 


92 


1-460 


55-0 


123 


1-615 


63-0 


155 


1-775 


45-8 


93 


1-465 


55-2 


124 


1-620 


63-2 


156 


1-780 


46-0 


93-6 


1-468 


55-5 


125 


1-625 


63-5 


157 


l-7a5 


46-1 


94 


1-470 


55-8 


126 


1-630 


63-7 


158 


1-790 


46-4 


95 


1-475 


56-0 


127 


1-635 


640 


159 


1-795 


46-8 


96 


1-480 


56-3 


128 


1-640 


64-2 


160 


1-800 


470 


96-6 


1-483 


56-6 


129 


1-645 


64-4 


161 


1-805 


47-1 


97 


1-485 


56-9 


130 


1-650 


64-6 


162 


1-810 


47-4 


98 


1-490 


57-0 


130-4 


1-652 


64-8 


163 


1-815 


47-8 


99 


1-495 


57-1 


131 


1-655 


650 


164 


1-820 


48-0 


91)-6 


1-498 


57-4 


132 


1-660 


65-2 


165 


1-825 


48-1 


100 


1-500 


57-7 


133 


1-665 


65*5 


166 


1-830 


48-4 


101 


1-505 


57-9 


134 


1-670 


65-7 


167 


l-fc35 


48-7 


102 


1-510 


58-0 


134-2 


1-671 


65-9 


16S 


1-840 


4<J-0 


103 


1-515 


582 


135 


1675 


66-0 


168-4 


1-842 


49-4 


104 


1-520 


58-4 


136 


1-680 


66-1 


169 


1-845 


49-7 


105 


1-525 


58-7 


137 


1-685 


66-3 


170 


1-850 


50-0 


106 


1-530 


58-9 


138 


1-690 


66-5 


171 


1-855 


503 


107 


1-535 


590 


138-2 


1-691 


66-7 


172 


1-860 


50-6 


108 


1-540 


59-2 


139 


1-695 


67-0 


173 


1-865 
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D.— VALUE OP ALKALI PER TON. 



Price per 
unit. 


1%. 


2%. 


3% 


• 


4%. 


6%. 


Pence, 


£ 


8, d. 


£ 


8, d» 


£ 9. 


A 


£ 8. d. 


£ 8. d. 


i 





1 3 





2 6 


3 


9 


5 


6 8 


^ 





1 4i 





2 8} 


4 


Oi 


5 5 


6 9i 


i 





1 5^ 





2 11 


4 


4i 


5 10 


7 8i 


a 





1 6i 





3 li 


4 


Si 


6 3 


7 9} 


1 





1 8 





3 4 


5 





6 8 


8 4 


lA 





1 9i 





3 6i 


5 


8i 


7 1 


8 lOi 


ij 





1 lOi 





3 9 


5 


7J 


7 6 


9 4 


lA 





1 11} 





3 11} 


5 


111 


7 11 


9 10; 


u 





2 1 





4 2 


6 


8 


8 4 


10 5 


lA 





2 21 





4 U 


6 


6i 


8 9 


10 Hi 


If 





2 8.^ 





4 7 


6 


lOi 


9 2 


Oil 5i 


lA 





2 4| 





4 9} 


7 


2i 


9 7 


11 11} 


1} 





2 6 





5 


7 


6 


10 


12 6 


4 





2 7i 





5 2i 


7 


9} 


10 5 


13 Oi 


ii 





2 8| 





5 5 


8 


li 


10 10 


18 6i 


i|j 





2 9| 





5 7J 


8 


4 


11 3 


14 0} 


li 





2 11 





5 10 


8 


9 


11 8 


14 7 


in 





3 Qi 





6 0} 


9 


0} 


12 1 


15 li 


IS 





3 li 





6 3 


9 


^ 


12 6 


15 7i 


iH 





3 2} 





6 5} 


9 


8i 


12 11 


16 1} 


2 





8 4 





6 8 


10 





13 4 


16 8 


2A 





3 5i 





6 lOJ 


10 


8i 


13 9 


17 2i 


2i 





3 6} 





7 1 


10 


7i 


14 2 


17 8^ 


2A 





3 7} 





7 3J 


10 


111 


14 7 


18 2} 


2J 





3 9 





7 6 


11 


8 


15 


18 9 







3 lOJ 





7 8J 


11 


61 


15 5 


19 3i 


2| 





3 llj 





7 11 


11 


10| 


15 10 


19 9J 


2A 





4 0} 





8 li 


12 


2i 


16 3 


10 3} 


2i 





4 2 





8 4 


12 


6 


16 8 


1 10 



To find the value of intermediate strengths not given in the table, for 

instance— 36% at lA per unit, find for 80% £8 5 7} 

then for 6% 18 IJ 

The sum gives value per ton of 36% £3 18 9 
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D.— VALUE OP ALKATJ PEB TOX.— Coji/ih««7. 



Price per 
Qnt. 


CY. 


7*^. 
•/•* 


6X> 


9r. 


• 


10%. 


Pence. 


£ t. d. 

7 6 
8 1^ 
8 9 
9 4i 


£ t. d. 

8 9 
9 5} 
10 2} 
10 llj 


£ t. d, 

10 
10 10 
11 8 
12 6 


£ t. 
11 
12 
18 
14 


d. 
3 

2i 
1} 
0} 


£ t. d, 

12 6 
13 6} 
14 7 
15 7} 


1 


10 
10 7i 
11 8 
11 lOJ 


Oil 8 
12 4} 
13 1} 
18 1Q| 


13 4 
14 2 
15 
15 10 


15 
15 
16 
17 




Hi 

10} 
9} 


16 8 
17 8} 
18 9 
19 9} 




12 G 
18 H 
18 9 
14 4i 


14 7 
15 3} 
16 Ok 
16 9J 


16 8 
17 6 
18 4 
19 2 


18 

19 

1 
1 1 


9 

7} 
6} 


1 10 
1 1 10} 
1 2 11 
1 3 11} 


1 


15 
15 7J 
16 3 
16 10} 


17 6 
18 2} 
18 11} 
19 8i 


10 
1 10 
118 
12 6 


1 2 
1 8 
1 4 
I 5 


6 

4} 
3} 


15 

16 0} 

17 1 

18 1} 


If 

If 
Hi 


17 6 
18 1} 
18 9 
19 4} 


10 5 
1 1 IJ 
1 1 lOA 
1 2 7J 


13 4 

14 2 

15 
1 5 10 


1 6 

1 7 
1 8 
1 9 


8 

2i 
1} 


19 2 
1 10 2} 
1 11 3 
1 12 3} 


2 

if 

2A 


10 
1 7J 
113 
1 1 lOi 


13 4 

14 0} 
14 9} 
1 5 6i 


16 8 

17 6 

18 4 

19 2 


1 10 
1 10 
1 11 
1 12 




Hi 

10} 
9} 


1 18 4 
1 14 4} 
1 15 5 
1 16 5} 


21 

if 

if 


1 2 G 
18 1} 
18 9 
1 4 4.} 
15 


16 3 
1 6 11} 
1 7 8i 
1 8 5J 
19 2 


1 10 
1 10 10 
1 11 8 
1 12 6 
1 13 4 


1 13 
1 14 
1 15 
1 16 
1 17 


9 

6} 
6 


1 17 6 
1 18 6J 

1 19 7 

2 7} 
2 18 



To find the value of intermediate strengths not given in the table, for 

instance— 36% at lA per unit, find for 80% £8 5 7} 

then for 6% 18 1} 

The sum gives value per ton of 36% £8 18 3 
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D.-VAXUE OF ALKALI PEE TOl^. -Cotitinued. 



rrico per 
unit. 


20%. 


30%. 


io%. 


48% 


• 


60%. 


r nee. 


£ ». rf. 


£ s, d. 


£ 8, d. 


£ 8, 


d. 


£ 8, d. 


1 


15 


1 17 6 


2 10 


3 





3 2 6 


U 


17 1 


2 74 


2 14 2 


3 5 





3 7 84 


i 


19 2 


2 3 9 


2 18 4 


3 10 





3 12 11 


h 


1 11 3 


2 6 10} 


3 2 6 


3 15 





3 18 14 


1 


1 13 4 


2 10 


3 6 8 


4 





4 3 4 


lA 


1 15 5 


2 13 li 


3 10 10 


4 5 





4 8 64 


li 


1 17 6 


2 16 3 


3 15 


4 10 





4 13 9 


4 


1 19 7 


2 19 4J 


3 19 2 


4 15 





4 18 114 


11 


2 18 


3 2 6 


4 3 4 


5 





5 4 2 


4 


2 3 9 


3 5 7J 


4 7 6 


5 5 





5 9 44 


4 


2 5 10 


3 8 9 


4 11 8 


5 10 





5 14 7 


4 


2 7 11 


3 11 lOi 


4 15 10 


5 15 





5 19 94 


ij 


2 10 


3 15 


5 


6 





6 5 


lA 


2 12 1 


3 18 1) 


5 4 2 


6 5 





6 10 24 


if 


2 14 2 


4 1 3 


5 8 4 


6 10 





6 15 5 


ifi 


2 16 3 


4 4 4} 


5 12 6 


6 15 





7 74 


If 


2 18 4 


4 7 6 


5 10 8 


7 





7 5 10 


iff 


3 5 


4 10 74 


G 10 


7 5 





7 11 04 


if 


3 2 6 


4 13 9 


6 5 


7 10 





7 16 8 


4 


3 4 7 


4 16 104 


6 9 2 


7 15 





8 1 54 


2 


3 6 8 


5 


6 13 4 


8 





8 6 8 


2A 


3 8 9 


5 3 14 


6 17 6 


8 5 





8 11 104 


2^ 


8 10 10 


5 6 3 


7 18 


8 10 





8 17 1 


2A 


3 12 11 


5 9 44 


7 5 10 


8 15 





9 2 34 


21 


3 15 


5 12 6 


7 10 


9 





9 7 6 


2A 


3 17 1 


5 15 74 


7 14 2 


9 5 





9 12 84 


21 


3 19 2 


5 18 9 


7 18 4 


9 10 





9 17 11 


2A 


4 13 


6 1 104 


8 2 6 


9 15 





10 3 14 


2i 


4 3 4 


6 5 


8 6 8 


10 





10 8 4 



To find the value of intermediate strengths not given in the table, for 

instance-^^ at 1^ per unit, find for 80% £3 5 74 

then for 6% 13 I4 

The sum gives value per tton of 36% £3 18 9 
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D.— VALUE OF ALKALI PEB TOUi. -Continued. 



Trice per 
nnit. 


62%. 


64%. 


6G%. 


67% 


• 


68%. 


Pence. 


£ 9. d. 


£ 8, d. 


£ 9. d. 


£ 8, 


d. 


£ *. d. 


i 


8 5 


8 7 6 


8 10 


3 11 


3 


3 12 6 


|| 


3 10 5 


3 13 IJ 


3 15 10 


3 17 


2i 


3 18 64 




8 15 10 


8 18 9 


4 18 


4 8 


li 


4 4 7 


a 


4 18 


4 4 4} 


4 7 6 


4 9 


Of 


4 10 74 


1 


4 6 8 


4 10 


4 13 4 


4 15 





4 16 8 


lA 


4 12 1 


4 15 7A 


4 19 2 


5 


Hi 


5 2 84 


n 


4 17 6 


5 13 


5 5 


5 6 


104 


5 8 9 


lA 


5 2 11 


5 6 lOJ 


5 10 10 


5 12 


n 


5 14 94 


li 


5 8 4 


5 12 6 


5 16 8 


5 18 


9 


6 10 


lA 


5 13 9 


5 18 IJ 


6 2 6 


6 4 


8i 


6 6 104 


i| 


5 19 2 


6 8 9 


6 8 4 


6 10 


74 


6 12 11 


lA 


6 4 7 


6 9 4} 


6 14 2 


6 16 


6i 


6 18 114 


li 


6 10 


6 15 


7 


7 2 


6 


7 5 


lA 


6 15 5 


7 7J 


7 5 10 


7 8 


5i 


7 11 04 


« 


7 10 


7 6 3 


7 11 8 


7 14 


44 


7 17 1 


lii 


7 6 3 


7 11 lOi 


7 17 6 


8 


3| 


8 8 14 


li 


7 11 8 


7 17 6 


8 3 4 


8 6 


3 


8 9 2 


i« 


7 17 1 


8 3 IJ 


8 9 2 


8 12 


2i 


8 15 24 


1} 


8 2 6 


8 8 9 


8 15 


8 18 


n 


9 18 


IM 


8 7 11 


8 14 44 


9 10 


9 4 


0} 


9 7 34 


2 


8 13 4 


9 


9 6 8 


9 10 





9 13 4 


2A 


8 18 9 


9 5 74 


9 12 6 


9 15 


iii 


9 19 44 


2J 


9 4 2 


9 11 3 


9 18 4 


10 1 


104 


10 5 5 


2A 


9 9 7 


9 16 104 


10 4 2 


10 7 


9} 


10 11 54 


2i 


9 15 


10 2 6 


10 10 


10 13 


9 


10 17 6 


2A 


10 5 


10 8 14 


10 15 10 


10 19 


8i 


11 3 64 


23 


10 5 10 


10 13 9 


11 1 8 


11 5 


74 


11 9 7 


^4^ 


10 11 3 


10 19 44 


11 7 6 


11 11 


6} 


11 15 74 


10 16 8 


11 5 


11 13 4 


11 17 


6 


12 1 8 



To find the value of intermediate strengths not given in the table, for 

instance— 86% at 1 A per unit, find for 30% £3 5 74 

then for 6%.. 18 IJ 

The sum gives value per ton of 86% £8 18 9 
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ADDENDUM TO PAGE 86. 

Checking the working of fireplcices and firemen. — The estimation of COj in 
the chimney gases, as described page 86, if combined with an observation 
of temperature, admits of checking both the efficiency of a special firenlace 
and the daily work of the &:emen, according to a formula developea by 
Lunge in Zsch. f . angew. Chem., 1889, p. 240. A consecutive number, say 
from 10 to 15 testings for CO2. are made by an Orsat apparatus in the flue 
leading from the fireplace to the chimney^ and the mean volume percentage 
of COs found is called n. At the same tmie a thermometer with very long 
stem, tightly inserted in the testing hole in such manner that its bulb is 
well within the flue, but that the scale can bo read off outside, is observed at 
frequent intervals, and the mean temperature of the gases is called ^, that 
of the air outside t, c is the specific neat of a cubic metre of COs, expressed 
in gram-calories ; c' that of N or O (see below). The total volume of exit- 
gases, produced by the combustion of 1 kilog. of carbon burnt on the grate, 

is = 1*854 ( IZ^ I cubic metres, and the loss of heat in the exit-gases, 

expressed in gram-calories: 

L = 1-854 (f - c + 1-854 (t - 1) /Mn? \ c' ; 

the loss, expressed in per cent, of the heat theoretically given out by the 
carbon ; 

100 L 

8080* 

The value of cf may be assumed for all temperatures = 0*81 ; that of e 
varies with the temperature, and must be taken as follows: 

If e is below 150° C, c = 0-41. 
„ „ „ between 150-200" = 0-43. 



>j 1) »» »» 
»j ?» j> »i 

» )j ;» 7> 



200-250" = 0-44. 
250-800" = 0-45. 
800-850" = 0-46. 



EEEATUM. 
Page 8. The atomic weight of Niobium is 94-2 (0=16) or 98*9 (11=1). 



^^ INDES. ^^B 


Acid, ttuidard, IBS. 


CauBtiOBoaiinblacli-osh, 129; spec, grav., H 


Adda in chimia; fmus, 97, 9S, 118. 






„ sampling, 17*. ^H 


ffiSC^SS'™""''"- 


Chamber eill Kaaea, »J. B3. ^M 
Ohanoe ptocaia, 115. ^H 




Cbemicala, aamplinR, 171. ^H 




Chimner itaasa, »'i, 119. ^H 








Cblondee in comrn'on akll, IIB. ^M 


Alomlna, 118, 13Z. 


„ black-Bsb, 138, ^M 


Bolobilily, 81. 


,. aodaaab, 133. H 


CLIurine, BulnbiUt;, 31. ^H 






" estimatio'liDf'njUtile.diitillliLion 


„ wSnlV*^. 138. H 


mBlbod, 163. 


„Dsaconprooeaa,12<l. V 




niloroi..«trioal deRrcBa. loble, 138, ■ 


„ „ bTttiobrominBisethart, 


Clnden (pj^tea), S6. ^1 






catboaotB, spec. Erav, , IW. 


OiPcmnfBredcea of circles, 67. M 


SUlphBlB. 183. 


Clans-kiln guaa, U7. ■ 


anlphocjanldf , 1(13. 


Coal, 66; sampling. 111. M 


AqbIj, ia, BiBTimBtrie facWn, 13. 


„ miiing.m. ^ 






Anhrdridc.siiJphuric, lOMofl, l]i!. 




ir'i?'.rx!{s^°'">F'"^"-'' 




Copper iii PTriloe, PI, 98. ' ^^^^H 




eolutiDn, standard, 172. ^^^^^^H 


Alomic w^bta in ronndnnrntwre, k. 


Cab:a root), G7. ^^^^H 






Ayihnblt lUtBli. m" m' ^' 


8^'du or speed of, B8, ^^^^H 


Aiowmeier, 183. 








BueinWcldonmad.lZl. 




Bmimtl's bjdrcmeter, I7t. 




BimibOMW. 132. 




filuk-uh, iza. 


Bqnivalent welgbta, 1. H 


Boiling pod,™l(n.a, 3!. 




„ condonaers, 118.' H 


„ oIsolplmrioacLdplOS. 


Expansion by heat, 22. H 


„ irater, M. 




ni.il,.jmB, taiistifl, 1«. 






Factors for ernvimotric nnalTsla, 12. ■ 


Burner gMea, 07. 


„ rednpinB gnsea to pnminl con- ■ 


BoratpTril»,W. 


ditions, 48. ■ 




Feirlcuiide, 133. ■ 


Carbonalo of ammonia, apec. grav., IIIS. 


FerraoTaaldB, 131. ^| 




Fire-placea, cbaoking tbo working of, 8B, ■ 
Habe'd aalts, US. ■ 


rnrbnnjiti^d liqnor, 130, 132. 


Carlmnio «cid, 9». Ii3. 1!6, 132, 115, 110. 


Fletcber'a ani^moaiDUir, 87. ■ 




Formula', chemical, 4. ■ 


„ liquor, 111. ' 


„ for menaiustioD, 71. ■ 
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Fael, 85. 

Fuming snlphurio acid, lOA, lOD, 115, 174. 

Fnmace Rases, 86, 181. 

Fusing points, 31. 

tt t* of salpharic aci<], 107. 

Gasos, redaction of volomes to normal tern* 
peratare. Si. 
„ reduction of Tolomes to normal 

pressure, 40. 
„ reduction of yolomes both together 

by ractor», 40. 
M reduction of yolomes both together 

by the gas-Tolumeter, 113. 
„ spea gravities, 20. 
„ from bomers, 97. 
>, „ chamber exits, 07, 98, 90. 
I, „ chimneys and producers, 86. 
,t „ condensers, 118. 
„ speed of, 89. 
Gas-liquor, 102. 

Gas-volumeter, 113, 122, 126, 164, 170. 
Glass-tap pipette, 116. 
Grains, conversions into grams, 79, 167. 
Gravimetric analysis, factors for, 12. 

Heat developed by air-compression, 82. 

Heats, specific, 60. 

Horse-powers, 76. 

Hydrochloric acid, spea gray., 120. 

„ „ analysis, 122. 

it „ solubility, 21. 

»» „ in chimney gases, 118. 

•• „ for decomposing man- 

ganese, 123. 
Hydrogen sulphide, 147. 
Hydrometers, 175. 

Indicators, 169. 

Iodine as impurity, 149, 155. 

,, standard, 171. 
Iron as impurity, 114, 117, 122, 125* 138, 145, 
155. 
„ solution, 122. 
M wire for analysis, 170. 

Lead in sulphuric acid, 114. 
Lime, 117, 125, 129. IH 146. 

„ milk of, 125. 
Lime-kiln gases, 147. 
Lime-mud, 143. 
Limestone, 121. 
Liquor ammoniee, spec, grav., 103. 

Magnesia, 117, 125, 157. 
Manganese, 122 123. 

„ ore, 122; sampling, 172. 

„ recovered, 123. 

Measures of different countries. 73. 

„ redaction of metric, 76. 
Melting points, 31. 

Mensuration of areas and contents, 71. 
Methyl-orange, 160. 
Metno weights and measures, 73. 

„ „ M reduction to English, 76. 

Minerals, sampling, 172. 
Mixing-coal, 128. 
MoUture, 85, 92, 98, 125, 118, 155. 
Molecular weights^ 4. 



Nitrate of soda, 148. 

Nitre-cake, 149. 

Nitric acid, spec, t^fvr., 180. 

„ „ impurities, 155. 

•• „ mixtures with sulphario acid, 
155. 
Nitric oxide, 99. 
Nitrogen in mixing ooal, 128. 

„ acids in cnamber-exits, 98. 

„ „ in sulphuric add. 111, 114. 

Nitrometer, 110. 
Nitrous acid, 110. 
Norhausen O.Y., tee Anhydride. 

Ores, sampling, 172. 
Orsat's apparatus, 86, 97. 
Oxalic acid solution, 172. 
Oxide of gas- works, 02. 
Oxygen in chamber gases, 97. 

Percentage composition of compounds, 4. 

Potash, 156; sampling, 174. 

Pi t:iRf:i im carbouate, commercial, 157. 

„ „ spec. grav. of solu- 

tions, 158. 

„ chlorate, 127. 

„ chloride, 165. 

„ permangate, standard, 170. 

„ sulphate, 157. 
Pressure, reduction of gases to normal, 40, 

46, 113. 
Producer gas, 86. 
Pyrites, 93 ; sampling, 172. 

„ burnt, 96. 
Pyrometers, 90. 

Quicklime, 126. 

Reduction of gases to normal state, 34, 40, 

40. 113. 
Belch's test for burner gas, 97. 

Salt, common, 116 ] sampling, 172. 
Baltoake, 117. 
Baits, fished, 145. 
„ solubility of, 16, 17. 
„ saturated solutions, spec, grav., 25. 
Sampling, rules for, 172. 
Silica, 132. 

Silver solution, standard, 172. 
Soda, available, 129, ISO, 131, 140. 
Soda-ash, raw materials, 128. 

„ commercial, 138; degrees, 139; 
prices per ton, 177. 
So<liam arsenite, standard, 171. 
bicarbonate, 132. 
carbonate, spec, gravities, 183, 131, 

136. 
carbonate, estimation, 129, 138, 148, 

145. 
chloride, estimation, 116, 117, 130, 

138, 146, 140. 166. 
bydnite, spec, gravities, 141. 
„ „ estimation, 122, 113, 145. 

Solubility of various salts, etc., 16, 17, 21, 
22. 
„ „ gases, 20. 

Specific gravities of gases and vapours, 23. 
„ „ „ liquids, 26. 
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Bpedfie gnTilks of saturated BolutjonB, 23. 
^ „ „ ■oUds.SS. 

„ liOTftl, fPlf 

Speed of air (draoght), 87. 
Spent oxide of ffas-irorkB, 93. 
Sqnaree, square roots, 67. 
Standard volationf, 168. 
Sulpba.e of ammonia, 163. 
„ „ soda, 117, 130, 138. 
,, „ potash, 167. 
Sulphides, 129, 181, 138, 145. 
Sulphites, 138, 146. 
Sniphocyanides. 163. 
I: iilpbar, 02 ; solnbility, 02. 

estimation. 02, OS, 96, 128, 131, 143, 

146. 
acids in chamber exits, 96. 
dioxide, 97, 96, 147. 
recovery, 146. 
Solphnretted hydrogen, 147. 
Salphnric acid, spec, gray., 100, 108, 104, 103. 
fieeaing and melting points, 

107. 
boiling points. 106. 
percentage cf SO, in Nord> 

hansen acid, 100. 
estimation, 91^ 110, 116, 122, 

166. 
imparities, 110. 
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Bnlphorons acid, 07, 08, 147. 



Symbols of compounds, 4. 

Tank liquor, 181. 

„ waste, 130, 145. 
Temperature of furnace gases, 90. 
Temperatures of gases, reduction to 0*, 34^ 

46. 
Thermometer scales, 28, 29, 30. 
Thiosulphate, 146, 148. 
Twaddell's hydrometer, 175. 

Valency of elements, 2. 
Vapour, aqueoas tensions, 60, 51, 62. 
Vapours, spec grav. of, 26. 
Vat liquor, 131. 
„ waste, 130, 145. 

Volumes, gases, correction o^ 34, 40, 46, 
113. 

Waiter, boiling points. 55. 

„ volumes at difF. temperatures. 40. 
„ pressure, reducti'^n to mercurial, 49. 
„ vapour tension, 60, 61, 62. 
„ estimation, cm Moisture. 
Weights of ditr. oountries, 73. 
, , English and metrical , 76. 
„ of subbtances as stored, 24. 
,. ,. sheet metals, 80. 
Weldon mud, 123. 

Zinc, OS. 
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